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INTRODUCTION 

Patients  with  Neurofibromatosis  Type  1  (NF1)  are  at  high  risk  for  the  development  of  potentially 
life-threatening  intracranial  or  systemic  tumors.  15  to  20%  of  NF-1  patients  have  Optic  Pathway 
tumors,  5%  have  brainstem  masses,  and  despite  advances  in  diagnosis  and  treatment,  these 
histologically  benign  tumors  often  have  a  clinically  malignant  outcome.  Furthermore,  50%  of 
NF-1  patients  will  have  at  least  one  peripheral  plexiform  neurofibroma  and  nearly  one  third  of 
these  patients  will  have  severe  disabilities  or  life-threatening  dysfunction  directly  attributable  to 
their  plexiform  neurofibromas. 

Advances  in  the  treatment  of  intracranial  and  peripheral  tumors  in  NF-1  patients  have  been  impeded 
by  several  problems.  First,  the  rate  of  tumor  growth  is  extremely  variable  between  different 
patients  and  even  within  the  same  patients.  Periods  of  spontaneous  growth  arrest  after  an  interval 
of  rapid  tumor  growth  are  well-described  for  NF-1  optic  pathway  and  hypothalamic  gliomas. 
Therefore,  it  may  be  difficult  to  determine  when  to  treat  NF-1  patients  for  tumor  progression  and  it 
may  be  even  more  difficult  to  determine  if  tumor  growth  arrest  is  attributable  to  a  therapeutic 
intervention  or  spontaneous.  There  are  no  reliable  non-invasive  diagnostic  modalities  that 
distinguish  optic  pathway  and  hypothalamic  gliomas  with  a  low  growth  potential  from  those  with  a 
high  growth  potential.  Second,  current  treatment  options  for  NF-1  tumors,  including  radiation 
therapy  and  cytotoxic  chemotherapy,  are  often  ineffective  and  may  expose  NF-1  patients  to  high 
risks  of  treatment-associated  second  malignancies.  Third,  current  measures  of  treatment  response 
are  based  on  models  of  malignant  disease  that  may  be  inappropriate  or  inaccurate  for  these 
histologically  benign  masses.  Whereas  reduction  of  tumor  volume  after  specific  therapy  represents 
an  important  goal,  it  is  likely  that  other  parameters  of  treatment  response  which  address 
biochemical  and  functional  changes  in  the  tumor  will  have  important  prognostic  value  in  the 
assessment  of  treatment  response.  This  consideration  may  be  particularly  important  for  biological 
treatments  that  induce  tumor  differentiation;  that  is,  the  induction  of  tumor  differentiation  may  lead 
to  growth  arrest  without  volume  reduction. 

To  address  these  problems,  we  conducted  multimodality  neuroimaging  studies  in  NF-1  patients 
with  newly-diagnosed  or  progressove  optic  nerve  /  hypothalamic  or  brain  stem  tumors  to  predict 
the  growth  potential  of  these  tumor  and  a  randomized  clinical  trial  of  new  antitumor  agents  in 
progressively  enlarging  OPT/HT  and  plexiform  neurofibromas  to  rapidly  identify  potentially 
effective  therapies.  On  January  15, 1994,  we  submitted  an  interim  progress  report  which 
suipmarized  the  activities  of  our  clinical  research  program  from  February  through  December,  1993. 
In  response  to  recommendations  from  the  Interim  Review  Committee,  a  Special  Review  Committee 
was  organized  by  ATRS  and  a  site  visit  was  conducted  on  May  18th,  1995.  The  Special 
Committee's  report  made  specific  recommendations  with  respect  to  clinical  consortium 
organizational  issues.  We  responded  to  the  Special  Committee's  recommendations  on  October  1, 
1995  and  summarized  the  steps  taken  to  address  their  concerns.  Subsequently,  the  U.S.  Army 
granted  permission  for  an  unfunded  extension  of  our  studies  beyond  the  10/96  termination  date. 
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This  report  summarizes  the  progress  made  between  1/94  and  12/ 96  concerning  the  conduct  and 
preliminary  results  from  NF-1  Clinical  Trials  Consortium  studies.  It  is  organized  into  three 
sections:  (1)  a  description  of  the  clinical  trials  structure  and  organization;  (2)  a  review  of  the 
randomized  phase  II  clinical  trials  for  the  treatment  of  NF- 1  patient  with  optic  pathway  / 
hypothalamic  gliomas  or  plexiform  neurofibromas;  (3)  a  review  of  the  methods  development  and 
preliminary  results  for  multimodality  neuroimaging  studies  in  NF-1  patients  with  newly-diagnosed 
or  progressive  optic  pathway  /  hypothalamic  gliomas  or  brain  stem  gliomas.  It  should  be 
recognized  that  results  from  these  studies  remain  preliminary  since  all  studies  remain  open  to 
patient  accrual  and  a  significant  number  of  patients  on  the  neuroimaging  study  will  have  followup 
studies  within  the  next  9  months. 

I.  NF-1  CLINICAL  TRIALS  ORGANIZATION 


A.  Advisory  Committees 

The  organizational  structure  and  lines  of  reporting  are  summarized  in  Figure  1.  To  facilitate  the 
recommendations  made  by  the  Special  Review  Committee  a  Neurofibromatosis  Research  Steering 
Committee  was  impaneled  on  June  21,1995.  Steering  Committee's  responsibilities  include: 

(1)  development  of  standard  methods  and  procedures  for  the  conduct  of  all  aspects  of  research 
conducted  in  this  study;  (2)  formal  review  of  the  conduct  of  all  aspects  of  research  conducted  in 

this  study  with  respect  to  newly-established  timelines  and  research  goals;  (3)  identification  of 

existing  or  emerging  problems  in  research  study  conduct  or  design  and  the  development  alternative 
solutions  to  these  problems;  (4)  formal,  open  review  of  data  analysis  data  interpretation,  and 
preliminary  conclusions  for  all  aspects  of  this  research  study;  and  (5)  presentation  to  the  External 
Advisory  Committee  of  all  research  communications  intended  for  the  medical  scientific  community. 

The  Neurofibromatosis  Research  Steering  Committee  is  chaired  by  Dr.  Phillips  (Grant  PI)  and 
includes  the  following  members:  Avital  Cnaan,  Ph.D.,  Director  of  data  management  and  statistical 
analysis;  Patricia  Molloy,  M.D.,  co-investigator  and  project  director  for  NF1  neuroimaging 
studies;  Michael  Needle,  M.D.,  co-investigator  and  project  director  for  NF1  clinical  trials;  and 
Sheila  Vaughan,  R.N.,  clinical  coordinator  for  NF1  neuroimaging  studies  and  clinical  trials. 
Because  of  the  technical  complexity  of  the  neuroimaging  studies,  a  Neuroimaging  Advisory  Panel 
was  established.  This  panel  also  includes  Dr.  Abass  Alavi  (Director  of  Nuclear  Medicine  at  The 
Hospital  for  the  University  of  Pennsylvania,  and  Co-Director  of  the  PENN  PET  Center),  Dr.  John 
Hazelgrove  (Director  of  Research  Physics,  Division  of  Neuroradiology  at  CHOP),  and  Drs  Allison 
Hoydu  and  Jerry  Wang  (Research  Physicists  for  MRI-flow  and  MRSpectroscopy,  respectively,  in 
the  Division  of  Neuroradiology  at  CHOP.  The  Neuroimaging  Advisory  Panel  reports  directly  to 
the  Steering  Committee  and  attends  open  meetings  of  the  External  Advisory  Committee.  Since  its 
establishment,  the  Neurofibromatosis  Research  Steering  Committee  has  met  28  times  and  the 
minutes  of  these  meetings  have  been  distributed  to  the  off-site  Consortium  collaborator. 

On  July  10,1995,  we  impaneled  a  Neurofibromatosis  Research  External  Advisory  Committee 
Nominations  for  this  Committee  were  made  by  members  of  the  Steering  Committee  and  selection 
of  External  Advisory  Committee  members  was  based  on  the  following  criteria:  (1)  all  members 
must  have  no  direct  involvement  in  the  conduct  of  research  for  this  study;  (2)  Committee  members 
must  have  recognized  expertise  in  clinical  research  trial  design,  the  conduct  of  consortium  clinical 
triads,  and/or  the  design  and  conduct  of  neuroimaging  research  trials;  (3)  Committee  member's 
availability  and  willingness  to  meet  frequently  with  the  Steering  Committee  during  the  summer 
months  and  then  continue  their  advisory  role  on  a  quarterly  basis  thereafter. 

The  External  Advisory  Committee  is  chaired  by  Dr.  Edwin  Douglass,  Director  of  Clinical 
Oncology  at  the  St.  Christopher~s  Hospital  for  Children,  Philadelphia,  PA.  Dr.  Douglass  is 
nationally  recognized  for  his  clinical  research  achievements.  In  addition.  Dr.  Douglass  has  direct 
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and  extensive  experience  in  the  diagnosis  and  treatment  of  childhood  brain  tumors  as  a  member  of 
the  Neuro-Oncology  Program  at  St.  Jude  Children~s  Research  Hospital.  The  four  additional 
Committee  members  are  balanced  evenly  between  those  with  clinical  trials  experience  and  those 
with  neuroimaging  study  experience.  Dr  Giulio  D'Angio,  Professor  of  Radiation  Oncology  at  the 
Hospital  for  the  University  of  Pennsylvania,  has  an  international  reputation  for  his  leadership  in  the 
National  Wilm’s  Tumor  clinical  consortium.  Dr.  James  Boyett,  Chairman  of  the  Department  of 
Biostatistics  at  the  St.  Jude  Children~s  Research  Hospital,  is  nationally  recognized  for  his 
achievements  in  statistical  analysis  and  clinical  trial  design  and  conduct.  He  has  also  served  as  a 
biostatistician  for  the  Brain  Tumor  Strategy  Group  in  the  Children's  Cancer  Group  for  the  past 
seven  years.  St.  Jude  Hospital  is  not  a  NF1  clinical  consortium  member.  Dr.  Henry  Holcomb, 
Assistant  Professor  of  Psychiatry  at  the  University  of  Maryland,  is  nationally  recognized  for  his 
Positron  Emission  Tomography  studies  of  cerebral  metabolism  abnormalities  in  psychiatric 
disease.  Dr.  William  Negendank  is  a  nationally  recognized  expert  in  magnetic  resonance  imaging 
and  magnetic  resonance  spectroscopy  studies  of  the  brain,  is  a  participant  in  the  Siemans  15-center 
Cooperative  Group  Trial  of  1  H  MRS  in  primary  brain  tumors,  and  has  published  extensively  in 
these  fields.  Dr.  Negendank  is  a  Member  (e.g.,  Associate  Professor)  of  the  Fox  Chase  Cancer 
Center  and  has  no  direct  participation  with  the  conduct  of  NF1  clinical  trials. 

The  External  Advisory  Committee  met  in  open  sessions  with  the  Steering  Committee  members  at 
the  Children’s  Hospital  of  Philadelphia  on  a  monthly  basis  from  July  through  October,  1995  and 
semianually  thereafter.  Closed  meetings  of  the  External  Advisory  Committee  have  also  been  held 
and  additional  communication  between  the  Committee  members  and  between  the  Steering 
Committee  and  the  External  Committee  have  been  conducted  by  phone  and  fax.  External  Advisory 
Committee  Members  report  directly  to  the  Committee  Chairman.  Specific  Committee 
responsibilities  include:  (1)  review  of  the  organizational  structure  of  all  U.S.  Army-sponsored  NF1 
research  activities  to  assure  the  independence  of  data  collection/management  and  data  analysis  and 
interpretation;  (2)  review  of  research  study  problems  and  proposals  by  the  Steering  Committee  for 
their  solution.  Provide  specific  advice  relevant  to  the  solution  of  those  problems;  review  of  the  data 
management  input  functions,  including  an  assessment  of  data  retrieval,  database  structure, 
accuracy  of  database  entry,  and  completeness  of  required  data  entry  points;  (3)  assist  the  Steering 
Committee  with  the  process  of  establishing  and  monitoring  realistic  timetables  to  achieve  expected 
patient  accruals,  data  entry  and  analysis,  and  report  the  conclusions  of  these  studies  to  the  scientific 
and  medical  community;  (4)  review  all  research  communications  intended  for  the  scientific  and/or 
medical  communities  to  assure  the  accuracy  of  data  and  validity  of  conclusions  prior  to  their 
submission  to  meetings  or  for  publication  and  Provide  the  Program  Pi  with  a  critique  of  proposed 
research  communications  and  an  indication  of  the  of  level  of  enthusiasm  for  all  such  research 
communications. 

B.  Multi-Institution  Clinical  Consortium 

The  consortium,  as  originally  proposed,  consisted  of  The  Children's  Hospital  of  Philadelphia  as 
the  lead  institution  and  ten  collaborating  consortium  members.  Selection  of  the  Consortium 
institutions  was  based  on  three  factors:  (a)  the  presence  of  a  large  neurofibromatosis  clinical 
referral  base;  (b)  participation  by  the  Consortium  institution  in  a  major  childrens  cancer  consortium 
(e.g.,  the  Children’s  Cancer  Group  (CCG)  or  the  Pediatric  Oncology  Group  (POG),  thereby 
providing  a  level  of  assurance  that  the  institution  and  the  participating  investigators  were  familiar 
with  the  procedures  and  responsibilities  of  a  clinical  consortium;  and  (3)  indication  by  the  principal 
investigators  for  each  Consortium  institution  that  they  had  at  least  two  patients  with  progressive 
growth  of  optic  pathway  tumors  each  year  and  would  be  willing  to  participate  in  these  studies. 
During  the  first  18  months  of  lhese  clinical  studies,  it  became  apparent  that  several  institutions 
who  indicated  their  willingness  to  participate  were  not  able  to  do  so,  either  because  their 
institutional  IRBs  would  not  accept  the  requirement  specified  by  the  U.S.  Army  that  the  local 
institution  accept  all  financial  responsibility  for  medical  complications  arising  from  the  conduct  of 
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this  trial  (Chicago  and  Buffalo)  or  because  of  interdepartmental  disagreements  concerning  the 
priority  of  this  protocol  versus  other  institutional  protocols  (M.D.  Anderson).  In  response  to  these 
problems,  we  replaced  M.D.  Anderson  with  Reilly  Children's  Hospital  (R.  Jakacki,  M.D.,  P.I.), 
University  of  Chicago  with  Washington  University  (D.  Guttman,  M.D.,  Ph.D.,  PI),  and  Buffalo 
with  University  of  Arkansas  (pending  IRB  approval;  J.  Ochs,  M.D. ,  P.I.).  We  notified  the  U.S. 

Army  of  these  changes  and  worked  with  each  institution  to  assist  them  with  U.S.  Army  IRB 
approval.  In  consultation  with  our  External  Advisory  Committee,  we  decided  not  to  significantly 
increase  the  size  of  the  existing  clinical  consortium. 

C.  Data  Management  and  Security 

Dr.  Cnaan,  Director  of  Biostatatistics,  directly  oversees  all  data  management,  data  entry,  correction 
and  summary  for  the  Neurofibromatosis  Research  studies.  Figure  2  illustrates  the  current  data 
collection  and  patient  entry  flow.  The  Study  Coordinator  (Ms.  Sheila  Vaughan)  reports  to  Dr. 

Cnaan,  the  Director  of  Data  Management  and  Biostatistics,  on  all  issues  of  data  management.  Ms. 
Vaughan  establishes  patient  eligibility  by  telephone  with  a  physician  at  an  outside  institution  or 
with  Drs.  Molloy  or  Needle  at  CHOP.  Ms.  Vaughan  initiates  an  On-Study  form  and  sends  a  copy 
of  the  complete  On-Study  Report  Form  to  the  referring  institution  or  to  Dr.  Molloy  or  Needle  in 
order  to  confirm  the  accuracy  of  the  phone  contact. 

Two  databases  have  been  created  using  Filemaker  Pro,  a  commercially  available  database  program; 
one  for  the  chemotherapy  clinical  trial  and  a  separate  database  for  the  neuroimaging  study.  Because 
their  formats  are  structurally  similar,  these  databases  are  able  to  exchange  information  for  the  small 
number  of  patients  that  may  participate  in  the  neuroimaging  and  the  chemotherapy  clinical  trial. 
Furthermore,  the  output  from  these  databases  can  be  converted  easily  to  crossplatform  Excel  or 
ASCH  formats;  therefore,  information  contained  in  this  database  can  be  shared  with  other  clinical 
neurofibromatosis  databases,  including  that  of  the  University  of  British  Columbia.  We  revised  our 
data  collection  forms  to  conform  to  the  database  structure.  The  database  contains  a  "layout"  for 
each  form.  The  forms  are:  On-Study,  Dose,  Response,  Laboratory,  Toxicity,  and  Off-Study.  The 
Appendix  contains  a  description  of  each  field  in  the  database. 

We  made  appropriate  provisions  for  the  physical  safety  of  all  study  data.  The  data  in  the  database  is 
backed  up  onto  a  diskette  once  a  week  by  Mr.  Paul  Gallagher,  who  constructed  the  database 
according  to  Dr.  Cnaan's  specified  design.  Mr.  Gallagher  keeps  the  backup  diskette  in  his  office, 
while  the  computer  within  which  the  database  actually  resides,  is  in  a  separate  building  in  the  Dept 
of  Neurology.  Entry  to  the  database  is  restricted  by  password.  Currently,  only  Sheila  Vaughan  and 
Paul  Gallagher,  have  access  to  the  database.  Dr.  Needle  has  an  additional  backup  of  the  database  in 
his  office,  providing  a  second  backup  site.  He  receives  a  backup  diskette  from  Mr.  Gallagher  once 
every  three  months. 

II.  NEUROIMAGING  STUDIES  IN  NF-1  OPTIC  PATHWAY  - 
HYPOTHALAMIC  GLIOMAS  OR  BRAINSTEM  TUMORS 

A.  METHODS 

MRS  Methods 

Technical  modifications  have  been  introduced  into  this  protocol.  At  the  project’s  inception, 

Siemens  had  provided  a  long  echo  time  CSI  sequence  and  in  fact,  short  echo  time  sequences  were 
not  available.  We  modified  the  Siemens  CSI  sequence  to  aTE  of  40  ms  for  this  study  to  analyze 
glutamine  and  glutamate.  The  following  details  die  rationale  for  our  technical  modifications  and  the 
selection  of  the  short  TE.  Spectra  obtained  by  CSI  measurement  can  be  carried  out  with  different 
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echo  times  (TE).  Spectra  obtained  by  using  long  TEs  (135  ms  or  270  ms)  contain  weaker  signal. 
Choline,  Creatine,  N-acetyl  aspartate,  and  lactate  are  metabolites  that  can  be  diluted  with  long  TEs 
and  still’can  be  detected  with  baselines  that  are  flat  and  well  defined.  By  contrast,  glutamine  and 
glutamate  have  short  T2s  and  cannot  be  measured  with  long  TEs.  Since  in  vitro  data  has  suggested 
that  the  glutamate/glutamine  ratio  may  be  an  important  prognostic  indicators  in  brain  tumors,  an 
additional  goal  of  this  project  was  to  evaluate  glutamate/glutamine  levels  not  well  studied  in  central 
nervous  system  (CNS)  tumors  especially  in  pediatric  patients.  As  a  result,  a  short  TE  (<50  ms) 

CSI  was  needed  to  detect  signal  from  glutamine  and  glutamate  because  these  metabolites  have  short 
t  relaxation  times.  The  data  obtained  with  the  short  T2  s  contained  more  information  and  the 
signal  to  noise  ratio  (SNR)  was  better.  The  disadvantage  of  using  the  short  T2s  echo  times 
included  a  baseline  effect  that  was  not  well-defined  with  broad  signals  from  proteins.  In  addition, 
the  lipid  signal  may  become  more  prominent  thereby  obscuring  both  lactate  and  N-acetyl  aspartate. 
Lipid  signals  may  also  appear  at  longer  echo  times.  In  normal  brain  tissue,  the  signal  from  lipids  is 
generally  weak,  but  in  brain  tumor  studies,  the  lipid  signal  is  often  larger  containing  more  NMR 
visible  lipids.  Fatty  tissue  near  the  tumor  may  also  contribute  to  the  signal  and  compound  the 
problem.  As  a  consequence,  lactate  and  N-acetyl  asparate  levels  will  not  be  reliably  determined. 
During  this  final  year  of  study,  we  are  working  to  obtain  spectra  with  both  long  and  short  TEs 
whenever  possible,  although  we  are  limited  by  the  length  of  sedation  time  in  pediatric  patients. 

A  spin  echo  CSI  sequence  with  an  echo  time  (TE)  =  40  ms  and  repetition  time  (TR)  =1600  ms  has 
been  usedto  date.  The  sequence  was  obtained  by  modifying  a  spin  echo  CSI  pulse  sequence 
provided  by  Siemens  with  a  long  TE  (135-270  ms).  The  region  of  interest  (ROI)  was  selected  by  a 
double  spin  echo  (90°-180°-180°)  sequence.  The  CSI  sequence  consisted  of  16x16  phase 
encoding  steps.  Two  acquisitions  were  averaged  to  accumulate  a  good  signal  to  noise  ratio.  The 
voxel  sizes  for  the  measurement  were  typically  14x14x15  mm3  or  14x14x12  mm  .  We  used  a  TR 
=  1.6  sec  for  this  data  acquisition  and  CSI  data  was  collected  in  14  minutes  but  was  generally 
much  longer.  A  reference  CSI  scan  was  also  collected  for  eddy  current  correction  and  for  internal 
water  signal  calibration.  This  reference  CSI  scan  is  acquired  without  water  suppression  with  a 
small  flip  angle  (10°-180°-180°).  Because  the  flip  angle  is  small,  a  shorter  TR  =  0.82  sec  was 
used  to  go  through  256  phase  encoding  steps  in  three  and  a  half  minutes.  The  saturation  factor  of 
water  signal  under  steady  state  is  only  about  1%  assuming  the  water  T1  is  one  second.  In  addition, 
we  made  the  assumption  that  the  NMR  visible  tissue  water  content  is  70%.  The  water  signal 
amplitude  was  then  averaged  over  all  voxels  to  calibrate  the  absolute  signal  intensity  of  the 
metabolites  in  each  voxel.  Thirty  minutes  was  generally  required  for  the  CSI  measurements, 
including  10  minutes  to  set  up  the  parameters  and  for  shimming  and  20  minutes  for  data 
acquisition.  All  studies  were  performed  on  a  Siemens  Magnetom  SP  1.5  T  whole  body  MR 
scanner  at  the  MRI  unit  at  The  Children’s  Hospital  of  Philadelphia.  The  pulse  sequence  was  first 
tested  on  a  phantom.  The  change  of  signal  intensity  from  voxel  to  voxel  on  a  uniform  phantom  has 
a  standard  deviation  of  15%. 

The  MRS  raw  data  was  transferred  to  a  SUN  Sparc  Station  for  processing.  Data  processing 
software  was  written  in  DDL  (Interactive  Data  Language,  Research  Systems,  Boulder,  Colorado). 
Final  M£S  results  were  expressed  as  levels  of  metabolites  in  each  voxel.  The  numbers,  have 
millimolar  units.  The  data  acquired  in  the  reference  scan  was  used  as  an  internal  reference 
[Christiansen  et  al,  1993]  for  metabolite  level  calibration.  The  numbers  reported  in  this  preliminary 
study,  are  lower  than  the  real  concentrations  because  the  relaxation  effects  on  the  signal  intensities 
are  not  corrected  here.  When  these  effects  were  corrected,  the  values  agreed  with  established 
normal  values  of  metabolite  concentrations. 

The  time  domain  signal  for  each  voxel  was  first  reconstructed  for  both  CSI  spectral  data  and  for  the 
reference  scan.  The  reference  signal  was  used  to  correct  the  eddy  current  effects  [Klose,  1990]  and 
to  normalize  the  signal  intensity  of  the  spectra  (Christiansen  et  al,  1993).  The  corrected  time 
domain  data  was  then  multiplied  by  a  gaussian  to  enhance  signal  to  noise  (width  =  300  ms)  and 
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Fourier  transformed  to  frequency  domain.  The  phase  and  baseline  of  the  spectra  for  each  voxel 
was  manually  adjusted. 

A  curve  fitting  routine  was  used  to  calculate  the  area  of  myo-inositol  (3.55  ppm,  2  protons  per 
molecule),  choline  containing  compounds  (3.2  ppm,  9  protons  per  molecule),  creatine  and 
phosphocreatine  (3.0  ppm,  3  protons  per  molecule),  glutamine  and  glutamate  (2  0-2.5  ppm, 
complicated  line  shapes),  N-acetylaspartate  (2.0  ppm,  3  protons  per  molecule).  The  curve  fitting 
of  a  short  TE  spectrum  is  not  a  trivial  procedure.  Each  metabolite  may  have  more  than  one 
resonance  peaksand  many  metabolites  contribute  to  the  spectrum.  Two  amplifications  to  analyze 
CSI  data  are  commonly  made  by  investigators  in  this  field  and  we  adapted  these  two  approache  . 
First  only  contributions  from  major  metabolites  were  analyzed.  Other  metabolites  mclu  mg 
glycine,  GABA,  and  glucose  were  ignored,  because  their  contribution  is  small  and  do  not  overlap 
significantly  with  other  peaks.  Secondly,  we  only  quantified  one  component  foreach  molecule 
For  example,  the  area  of  the  creatine  CH3  peak  at  3  0  ppm  is  the 

creatine  CH,  peak  at  3.9  ppm  was  not  quantified.  The  signal  from  NAA  at  2.6  ppm  was  also  not 
used.  As  noted  above,  our  objective  was  to  collect  the  most  interpretable  data  for  subsequent 

statistical  analysis. 

The  spectrum,  divided  into  a  three  segment  curve  fitting,  was  performed  on  each  segment.  The 
frequency  range  from  1.8  to  2.8  ppm  was  fitted  for  glutamine,  glutamate  and  NAA.  In  the  short 
echo  time  spectrum,  NAA  overlapped  with  glutamine  and  glutamate.  It  was  therefore  necessary  to 
consider  all  three  metabolites  together.  We  assumed  that  NAA  was  a  single  line  centered  at  2.0 
2.05  ppm.  The  glutamine  and  glutamate  line  shapes  were  measured  from  50  mm  solutions  at  a  pH 
=  7  0,  using  the  same  MRS  pulse  sequence.  The  frequency  range  from  2.85  to  3.35  ppm 
contained  choline  Ch3  (3.2  ppm)  and  creatine  CH3  (3  0  ppm).  Each  metabolite  was  presented  by  a 
single  peak  and  this  range  is  fitted  by  these  two  metabolites.  The  frequency  range  from  3.35  to  4.0 
contains^ myo-inositol  (3  55  ppm).  The  CH  proton  of  glutamine  and  glutamate  ^d  ev^n 
together  form  a  broad  component  at  about  3.7  ppm  with  the  CH2  of  creatine  at  3.9  ppm  Thepeak 
areas  of  myo-inositol  were  obtained  from  the  curve  fit  and  area  of  the  other  two  peaks  were  not 
used  but  all  overlapping  peaks  from  myo-inositol  were  considered  together. 

When  a  tumor  was  large  enough  to  occupy  several  voxels,  spectrum  with  lowest  NAA/Cho  ratio 
weie  used  to  represent  the  tumor.  Control  values  were  obtained  by  using  the  average  of  voxels 
free  of  tumor  and  CSF  space  based  on  MRI. 

As  research  progressed  we  implimented  three  dimensional  (3D)  proton  magnetic  resonance 
spectroscopic  imaging  ( 'H-MRSI).  Similar  to  CSI,  H-MRSI  was  incorporated  into  the  global 
MR  examination  (MRI  and  perfusion)  to  take  advantage  of  the  fact  that  the  patients  were  already 
£*£Zd  to the  imager.  Combined  standard  MRI,  perfusion  MR  and  1H-MRSF in  our  patents 
required  approximately  75  minutes  (35  minutes  longer  than  the  standard  MRI  alone).  The  MRI, 
was  composed  of  T,  weighted  sagittal,  proton  density,  T,  and  T2  weighted  axial  spm  echo,  post 
gadolinium-DTPA  injection  hemodynamic  imaging,  and  post  gadolinium  T,  weighted  lmaguig 
(approximately  40  minutes).  The  MRSI  which  included  shimming,  selection  of  the  VOI  and  the 
actual  acquisition  currently  required  another  40  minutes.  All  studies  were  performed  in  the  MRI 
unit  of  the  Children’s  Hospital  of  Philadelphia,  on  the  1.5  T  Siemens  Magnetom  Vision  system.  A 
circularly  polarized  adult  head  coil  was  used  for  both  imaging  and  specfroscopy.  Sedation  was 
used  for  young  children  with  NF1  unable  to  stay  still  in  the  magnet.  When  necessary  sedation  with 
nembutal  was  given,  it  did  not  exceed  the  maximum  (6  mg/kg).  With  such  sedation,  most  children 
slept  without  difficulty  through  this  80  minute  examination. 

The  MRI  parameters  included:  field  of  view  =  220  mm,  slice  thickness  =  5mm,  and  matrix  size  = 
256*256.  For  T,  weighted  images,  TR=600  ms  and  TE  =  15  ms  was  used.  Proton  den sity  and  2 
weighted  images  was  acquired  with  fast  spin  echo  sequences  and  TR-3000  ms  and  TE-20  and  90 
ms  respectively.  Gadolinium-DTPA  was  injected  after  the  MRSI  examination. 
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The  'H-MRSI  studies  were  able  to  simultaneously  assess  hypometabolic  regions  identified  on 
FDG  PET  and  focal  area  of  increased  signal  intensity  (FASI)  identified  on  MRI.  Average 
metabolite  values  from  voxels  in  the  thalamus  were  acquired  from  both  FASI  +  and  FASI  -  voxels. 
An  FASI  +  voxel  was  defined  as  a  region  of  increased  signal  on  T2  weighted  MRI  occupying^ 
50%  of  the  voxel.  An  FASI  -  voxel  was  defined  as  no  increased  signal  on  T2  weighted  MRI  in  the 
voxel.  1  H-MRSI  metabolite  peak  areas  were  described  in  arbitrary  units  and  ratios  for  both  F ASI 
+  and  FASI  -  voxels  in  the  thalamus.  2D  CSI  which  acquired  spectra  from  an  array  of  voxels  but 
is  limited  to  one  plane  and  NF1  patients  may  have  imaging  (MRI  or  PET)  abnormalities  in  more 
than  one  location,  hence  we  took  advantage  of  the  three  dimensional  technique.  Although  our 
results  are  only  preliminary,  it  appears  that  “State  of  the  art”  H-MRSI  best  meets  the  requirements 
of  NF1  abnormalities  demonstrated  at  multiple  levels. 


1H-MRSI  allows  coverage  of  a  three  dimensional  volume  of  interest  (3D  VOI)  with  multiple  single 
slices  sequentially  interleaved.  One  disadvantage  of  slice-interleaving  is  it  is  inefficent  in  signal-to- 
noise-ratio  (SNR)  per  unit-time.  As  a  consequence,  to  obtain  a  reasonable  voxel  SNR,  a  time 
requirement  of  approximately  40  minutes  in  addition  to  other  time  constraints  (time  for  Patient 
loading,  cod  tuning,  imaging  and  shimming)  brings  the  total  examination  time  to  at  least  100 
minutes  This  poses  a  considerable  obstacle  in  children.  The  children  are  lightly  sedated  and 
testing  is  aborted  when  the  sedation  wears  off.  Under  these  constraints,  the  MRSI  examination 
must  be  made  as  brief  as  possible  for  patient  comfort  while  simultaneously  preserving  the  scientific 
information  acquired.  To  address  this  technical  problem,  hybrid  of  2D-CSI  with  ID  HSI  to 
achieve  simultaneous  3D  coverage  of  the  VOI  was  accomplished  by  Drs.  Z  Wang  and  O.  Gonen. 
3D  coverage  has  the  advantage  of  providing  the  same  voxel  SNR  as  the  “current-art”  N-4 
multislice-interleaved  acquisition  of  similar  resolution  in  a  quarter  of  the  time,  making  this 
procedure  particularly  well  suited  for  pediatric  settings  in  general. 

The  3D  'H-MRSI  measurement  was  performed  with  a  hybrid  shown  in  the  Appendix.  A  135  ms 
echo  time  was  used.  The  general  form  of  the  MRSI  localization  sequence,  was  retained  throughout 
for  data-computability  reasons  as  well.  The  135  ms  echo  time  was  selected  for  higher 
measurement  precision  for  two  reasons:  1)  better  definition  of  baseline;  and  2)  less  interference 
from  other  peaks.  A  test  on  a  uniform  phantom  has  demonstrated  that  detection  sensitivity  tor 
different  voxels  are  uniform  on  our  scanner,  with  the  standard  deviation  less  than  1 .5%  within  one 
slice,  excluding  voxels  at  the  edge  of  the  PRESS  volume  in  the  XY  plane.  As  a  result,  signals 
from  various  voxels  can  be  directly  compared  with  each  other.  The  H-MRSI  parameters  was 
16x16  phase  encoding  steps  with  a  field  of  view  of  16  cm  and  slice  thickness  of  15  mm, 
translating  into  a  voxel  size  of  lxlxl. 5  cm. 


The  position  of  the  patient  did  change  through  the  entire  MRI/MRSI  session.  The  MRSI  study 
includes  approximately  5  to  10  minutes  for  setting  up  positions  and  shimming  followed  by  about 
27  minutes  for  collecting  the  spectra.  The  selection  of  volume  of  interest  is  image-guided  by  a 
neuroradiologist  investigator. 


Two  normalization  factors  were  taken  into  account  in  order  to  compare  signal  intensity  for  different 
patients  (intersubject  variability)  and  for  the  same  patient  over  time  (intrasubject  variability).  FirsF 
the  RF  coil  loading  was  accounted  for  by  multiplying  the  signal  by  the  RF  voltage  needed  for  a  90 
pulse  of  fixed  length  (inversely  proportional  to  the  detection  sensitivity).  Secondly,  the  possible 
instability  of  the  MRI  scanner  was  accounted  for  by  a  bi-weekly  calibration. 


MR  Perfusion  Methods 

The  particular  MRI  approach  utilized  here  requires  a  bolus  of  contrast  agent  specifically 
gadolinium-DTPA  (Magnevist)  injected  into  a  vein.  The  initial  'first  pass”  passage  of  this  indicator 
through  the  brain  is  studied  by  taking  a  succession  of  images  in  the  brain  at  the  rate  of 


-7- 


DAMD  17-93-V-3016 
P.C.  Phillips,  PI 


approximately  one  image  every  second.  The  effect  of  the  gadolinium  is  to  shorten  both  the  T1  and 
the  T2*  relaxation  times  of  the  tissue.  Conventionally,  the  passage  of  gadolinium  is  studied  using 
the  T2*  effect  (Edelman  et  al,  1990).  The  concentration  (C)  of  gadolinium  at  any  time  (t) 
following  injection  is  proportional  to  the  change  in  the  relaxivity  of  the  tissue  (AR2*)  in  the  range 
used  clinically  (Villringer  et  al,  1988).  AR2*  can  be  measured  from  the  intensity  of  the  signal 
before  any  gadolinium  is  injected  (So),  and  the  signal  at  time  t  (St). 

C  a  AR2*.  AR2*  =  ln(So/St)/TE 

The  mathematics  of  following  the  MR  contrast  is  the  same  as  that  worked  out  by  Axel  for  CT 
studies  of  flow  using  x-ray  contrast  media  (Axel,  1980).  The  flow  (ml  blood/ml  tissue/sec)  can  be 
calculated  from  the  time  course  of  the  contrast  agent  in  the  tissue  and  the  arterial  input  time  course 
(Perman  et  al,  1992).  This  calculation  assumes  that  the  bolus  is  instantaneous  yet  in  clinical 
practice,  the  injection  is  not  instantaneous.  A  more  convenient  and  feasible  measurement  in 
children  that  we  have  employeed  was  to  determine  the  relative  blood  volume  in  the  tissue  (RBV) 
from  the  AR2*  -  time  curve  following  the  bolus  injection.  The  overriding  advantages  of  using  this 
indicator  approach  with  gadolinium  are:  one,  this  approach  is  easy  to  apply  clinically:  two,  it 
requires  no  extra  patient  time  in  the  scanner  because  the  gadolinium  is  injected  as  part  of  the  clinical 
study;  and  three,  the  signal  change  (often  about  30%)  is  significantly  larger  thaa  the  produced  by 
the  techniques  that  label  the  blood  using  r.f.  saturation  (usually  1-2  %).  One  disadvantage  to  the 
gadolinium  bolus  approach  is  that  it  is  not  appropriate  for  functional  studies  of  multiple  tasks  but  is 
useful  for  a  single  study  of  resting  flow  to  tissue  such  as  we  propose  in  this  application.  The 
second  disadvantage  is  that  the  equations  assume  that  the  contrast  agents  flow  through  the  brain 
only  once  yet  recirculation  of  the  blood  does  occur  and  increases  the  concentration  measured 
during  the  tail  of  the  time-course  curve.  Some  groups  have  answered  this  problem  by  fitting  the 
rising  part  of  the  curve  (assumed  to  be  uniquely  arising  from  the  first  pass)  to  a  theoretical 
‘gamma’  curve.  While  there  are  disadvantages  to  the  use  of  the  gadolinium  bolus  approach  to  flow 
measurements,  (Belliveau  et  al,  1990;  Weisskoff  et  al,  1993)  these  problems  are  not  sufficient  to 
prevent  its  usefulness  in  our  patient  population. 

Patients  were  imaged  using  the  same  rapid  gadolinium  bolus  described  in  the  Preliminary  Studies. 

Echo  planar  images  (EPI)  will  be  acquired  on  a  Siemens  1 .5  Tesla  Vision  System  and  transferred 
to  a  SUN  workstation  for  post  analysis.  It  is  necessary  (in  principle)  to  integrate  the  whole  of  the 
area  of  the  excursion  of  the  image  data  from  the  baseline  but  again  errors  can  be  introduced  by  the 
tail  of  the  curve.  For  this  reason,  several  groups  have  made  use  of  a  gamma  fitting  algorithm  that 
fits  the  rising  portion  of  the  curve  to  a  theoretical  curve,  while  other  groups  have  suggested  that  it 
is  sufficient  to  measure  either  the  maximum  excursion  or  the  maximum  rise  rate  of  the  signal  in 
question.  During  the  period  of  this  grant,  we  investigated  which  of  these  various  approaches  gave 
the  best  relative  measurements  of  the  gray  and  white  matter,  and  then  applied  the  technique  to 
measuring  the  RBV  of  the  thalamus,  gray  and  white  matter  for  these  patients. 

In  addition,  comparison  of  regional  metabolite  measurements  obtained  using  PET  and  MR 
perfusion  imaging  were  carried  out  using  ROI  analysis.  This  approach  avoided  registration  errors 
which  may  have  been  encountered  while  attempting  to  compare  perfusion  images  obtained  by 
differing  modalities  on  a  pixel  by  pixel  basis,  while  providing  a  functionally  relevant  basis  for 
comparison.  Regions  of  interest  which  were  identifiable  in  both  PET  and  MR  perfusion  images 
were  chosen  and  included: 

'  •  Frontal  gray  matter/white  matter  •  Occipital  gray  mattter/white  matter  •  Globus  Pallidus 

•  Parietal  gray  matter/  white  matter  •  Caudate  nucleus  •  Thalamus 

•  Temporal  gray  matter/white  matter  •  Putamen  •  Corpus  Callosum 

Confirmation  of  anatomic  localization  in  PET  scans  was  obtained  using  the  corresponding  routine 
MRI  study.  Each  ROI  provided  a  mean  RBV  with  standard  deviation  from  the  pixels. 

Comparisons  of  these  values  was  made  using  t-tests. 
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The  FDG  method  to  determine  regional  cerebral  metabolic  rates  for  glucose  was  introduced  by 
investigators  at  PENN  in  1976  and  has  been  utilized  extensively  and  validated  in  our  laboratory. 
This  validation  has  been  carried  out  in  both  normal  resting  and  activation  studies  as  well  as  in 
disease  states.  Absolute  quantitative  studies  require  insertion  of  an  arterial  line,  which  is  invasive^ 
and  in  our  experience,  is  neither  feasible  nor  warranted  in  children.  In  addition,  absolute  metabolic 
rates  appear  to  vary  considerably  among  and  within  subjects  in  both  normal  and  patient 
populations.  This  results  in  some  difficulty  in  documentation  of  changes  within  the  same  subject 
as  a  result  of  physiologic  or  other  interventions,  or  in  separating  pathologic  from  normal  states. 

We  have  tested  and  validated  the  use  of  relative  rather  than  absolute  quantification  for  a  variety  of 
purposes  and  in  a  diverse  population  of  patients  in  our  laboratory.  For  example,  we  have 
demonstrated  that  relative  ratios  are  more  effective  than  metabolic  rates  in  separating  patients  with 
Alzheimer’s  disease  from  age-matched  controls  (Alavi  et  al,  1986).  Relative  values  can  be 
generated  by  either  normalizing  the  regional  raw  counts  or  metabolic  rates  to  whole  brain  or  to  a 
reference  structure.  The  latter  (region  over  a  known  structure)  is  employed  when  the  reference 
structure  is  known  not  to  be  affected  by  the  disease  process.  These  structures  can  then  be  utilized 
as  reference  sites  for  generating  ratios  for  relative  quantification.  In  most  instances,  whole  brain 
metabolic  activity  is  being  adopted  as  a  reliable  reference  source  for  this  purpose. 

The  use  of  ratios  instead  of  absolute  values  are  being  employed  as  a  reliable  and  acceptable  source 
of  information  by  well  respected  laboratories  around  the  world.  We  believe  by  adopting  the 
approach  proposed,  we  have  been  able  to  utilize  a  non-invasive  technique  that  will  be  acceptable  to 
the  consenting  parents  and  provides  reliable  data.  The  legitimacy  of  this  approach  is  further 
confirmed  by  our  preliminary  data  included  in  this  report. 

An  approach  to  image  registration  used  by  our  laboratory  involves  registration  and  transformation 
of  one  image  (e.g.  PET)  to  the  reference  frame  of  a  second  image  (e.g.  MRI).  We  have  developed 
an  image  registration  program  which  is  compatible  with  the  PETVIEW  software  package  used  to 
display  and  analyze  our  images.  This  approach  has  been  guided  by  the  research  investigators  at  the 
University  of  Pennsylvania  as  well  as  the  experience  gained  from  the  work  of  others.  Rather  than 
fully  automating  the  registration  process,  the  program  uses  the  human  observer’s  sense  of  pattern 
recognition  to  perform  the  task  of  image  registration.  This  was  feasible  since  computers  have 
become  fast  enough  to  allow  real  time  rotation,  translation,  and  resizing  of  a  set  of  images. 

This  image  registration  program  allows  the  observation  of  two  complete  image  sets  in  transverse, 
sagittal,  and  coronal  orientation  separately  and  also  overlaid.  The  observer  is  able  to  manipulate 
either  image  set  through  mouse  controlled  cursors  in  order  to  rotate,  translate,  or  resize  one  image 
set  relative  to  the  other  in  all  three  dimensions.  Thus,  the  observer  can  iteratively  perform  the 
various  procedures  in  real  time  to  achieve  a  matched  set  of  images.  By  choosing  different  color 
scales  and  contrast  levels  for  each  image,  the  observer  can  optimize  the  matching  using  different 
anatomical  landmarks,  including  the  boundaries  of  the  brain,  the  interhemispheric  fissure,  or  the 
head  of  tjje  caudate  nucleus,  as  several  examples. 

The  manual  method  of  image  registration  is  very  flexible  and  allows  compensation  for 
abnormalities  in  the  images.  The  3-D  PET  image  is  transformed  to  the  approximate  exact 
orientation  of  the  corresponding  MR  images,  interpolated  and  resliced  according  to  the  thickness 
and  pixel  size  of  the  MR  image.  This  registration  can  also  be  performed  in  the  other  direction: 
register  a  MR  to  a  PET  image,  then  interpolate  and  reslice  the  MR  image  onto  the  corresponding 
PET  image.  Up  to  this  point,  we  have  used  the  PETVIEW  software,  developed  at  UPENN,  to 
reslice  the  PET  and  MR  data  to  the  AC-PC  line  in  order  to  apply  the  standard  template  of  ROI’s 
developed  at  our  institution.  This  new  approach  of  image  registration  is  pursued  to  reduce  both  the 
errors  and  the  time  required  for  data  analysis.  This  algorithm  searches  for  the  optimal 
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transformation  between  3D  MR  and  PET  images  based  on  surface  matching  (SM)  and  iterative 
principal  axes  fitting  (PAF)  techniques.  It  begins  with  the  detection  of  MR  and  PET  brain 
contours  The  morphological  operations  are  then  applied  to  thresholded  images  to  refine  brain 
contours.  Following  brain  contour  extraction,  a  B-spline  surface  representation  is  extracted.  Now 
our  objective  can  be  clearly  stated  as;  seeking  a  transformation,  which  includes  3-dimensional 
translation  and  rotation,  such  that  the  objective  function,  defined  as  the  averaged  squared  distance 
from  the  points  on  one  set  of  contours  to  the  B-spline  surface  from  the  other  set  of  contours,  is 
minimized.  The  final  step  in  our  algorithm  is  to  apply  SM  to  fine  tune  the  registration.  We  have 
adopted  both  the  gradient  descent  (GD)  and  iterative  closest  point  (ICP)  optimization  algorithm. 

Our  new  image  registration  algorithm  has  the  following  advantages;  (1)  cubic  B-spline  is  expected 
to  provide  a  better  approximation  to  the  real  brain  surface;  (2)  iterative  PAF  takes  the  implicit 
assumption  of  PAF  into  account;  and  3)  our  algorithm  takes  full  advantage  of  the  speed  of  PAF 
and  the  accuracy  of  SM.  The  entire  registration  procedure  is  fully  automated  and  is  fast  enough  for 
routine  clinical  or  research  use. 

In  order  to  evaluate  and  validate  the  overall  performance  of  this  image  registration  technique,  we 
have  applied  the  registration  software  to  phantom  data  and  FDG  patient  data.  In  both  cases,  the 
average  error  for  whole  volume,  measured  by  a  distance  from  a  point  on  a  PET  contour  to  a  B- 
spline  surface  of  MR,  is  less  than  2mm.  We  also  used  the  manual  registration  module  in  the 
PETVTEW  package  to  display  an  overlaid  image  of  any  two  sets  of  registered  images  for  each  case, 
to  observe  it  in  transverse,  sagittal  and  coronal  orientation  separately.  Results  indicated  the 
matching  between  them  is  also  visually  optimized. 

Our  initial  approach  to  utilize  MR  anatomical  information  for  PET  quantitative  analysis  involve 
transformation  of  volumes  of  interest  from  the  MR  to  PET  image  rather  than  transformation  of  the 
image  itself.  The  volume  of  interest  definition  is  based  on  a  series  of  standard  templates,  which 
can  be  individually  adjusted  to  the  MRI  defined  anatomy.  For  the  past  several  years  the  templates 
has  been  refined,  including  adjustment  of  regions  to  accord  with  the  Talairach  and  Toumoux  Brain 
Atlas,  and  procedures  for  implementation  have  been  defined  and  tested.  The  current  template 
includes  21  slices  in  planes  parallel  to  the  anterior-commissure  -  posterior  commissure  (AC-PC) 
line.  Following  the  image  registration,  MR  and  PET  images  are  resliced  parallel  to  the  AC-PC  line 
to  match  the  planes  of  the  templates.  The  templates  are  separated  by  4  mm  along  the  z-axis  and 
include  approximately  90  volumes.  For  each  template  slice,  regions  are  drawn  on  one  hemisphere. 
Thus,  hemispheric  ROIs  are  initially  of  identical  size  and  orientation.  The  MRI-adjusted  templates 
are  overlaid  upon  corresponding  PET  slices,  again  using  the  first  slice  containing  caudate  nucleus 
as  a  guide.  From  the  template  -  overlaid  PET  images,  count  densities  are  determined  and 
appropriate  quantitation  can  be  measured.  It  should  be  noted  that  the  geometrically  simple  ROIs 
used  in  the  analysis  includes  all  brain  structures  of  interest. 

We  have  used  both  qualitative  (visual  interpretation)  as  well  as  quantitative  approaches  (described 
above)  to  determine  the  metabolic  activity  of  the  regions  of  interest.  Qualitative  assessment  will 
use  the  following  grading  system:  1  =  totally  absent  uptake,  2  =  slightly  less  uptake  than 
surrounding  area,  3  =  same  uptake  as  surrounding  area,  4  =  slightly  to  increased  uptake  compared 
with  surrounding  area,  and  5  =  markedly  increased  uptake  .  Quantitative  assessment  will  include 
measurements  of  FDG  counts  and  calculated  ratios  of  FDG  counts  in  the  regions  of  interest  to 
whole  brain.  In  addition  to  the  tumor  regions,  there  are  90  regions  of  interest  but  for  statistical 
analysis  the  following  regions  have  been  analyzed: 

•  Frontal  gray  matter/white  matter  •  Occipital  gray  mattter/white  matter  •  Globus  Pallidus 

•  Parietal  gray  matter/  white  matter  •  Caudate  nucleus  •  Thalamus 

•  Temporal  gray  matter/white  matter  •  Putamen  •  Corpus  Callosum 
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A  single  venous  catheter  was  inserted  into  an  antecubital  vein  of  one  arm  for  the  administration  of 
FDG.  No  arterial  line  to  withdraw  blood  samples  was  utilized  for  this  research.  A  second  venous 
line  was  used  initially  in  the  first  17  studies.  All  patients  who  required  sedation  were  sedated  with 
pentobarbital  at  identical  doses  to  those  used  in  MRI  scan  sedation.  The  sedation  was  initiated  at 
least  40  minutes  ate  the  administration  of  FDG  and  before  the  imaging  was  started.  FDG  was 
administered  as  a  bolus  30  uci/kg  (25%  of  the  standard  dose)  becausse  of  the  high  sensitivity  of  the 
HEAD-PENN-PET  scanner.  Forty  minutes  after  the  administration  of  FDG,  the  patient  was. 
positioned  into  the  HEAD-PENN-PET  scanner.  The  PET  scans  were  acquired  parallel  to  the 
canthomeatal  line  and  included  the  entire  brain  and  the  upper  cervical  spinal  cord  (the  axial  field  of 
view  for  this  instrument  =  26  cm).  The  total  imaging  time  was  30  minutes  which  in  our  experience 
was  tolerated  well  by  our  pediatric  NF1  patients. 

Patient  accrual 

A  total  of  35  NF,  patients  with  central  nervous  system  tumors  have  been  enrolled  on  either  the 
treatment  or  neuro-imaging  arm  of  this  study  (Appendix  #1).  Twenty  eight  patients  were  enrolled 
on  the  imaging  arm  including  10  patients  with  brainstem  tumors,  1 1  patients  with  newly  diagnosed 
optic  pathway  tumors  and  seven  patients  with  progressive  optic  pathway  tumors.  Patient 
characteristics  are  detailed  in  Appendix  ff2.  In  addition,  eight  patients  had  both  brainstem  tumors 
and  optic  pathway  tumors. 


B.  Results 


Preliminary  MRS  Results 

A  total  of  23  NF,  patients  studied  with  short  TE  chemical  shift  imaging  on  41  studies  have  been 
analyzed  to  date.  The  tumors  studied  were  divided  into  two  categories  according  to  tumor  location 
in  the  optic  pathway  or  brainstem  (Table  #1).  While  eight  patients  had  tumors  in  both  locations, 
the  single  slice  CSI  pulse  sequence  can  only  measure  tumor  at  one  location  in  one  study  session. 

Interpretable  data  was  obtained  from  33  CSI  examinations  including  20  studies  of  12  optic 
pathway  tumor  patients  and  13  studies  of  6  patients  with  brainstem  tumors.  Of  the  41  studies 
analyzed  to  date,  CSI  could  not  be  achieved  in  eight  patients.  Four  patients  had  dental  braces  or 
other  metal  implants  near  the  MRS  region  of  interest  and  shimming  was  difficult.  In  those 
patients,  we  used  single  voxel  techniques  when  shimming  for  CSI  could  not  be  achieved.  The 
studies  with  single  voxel  technique  will  not  be  reported  in  our  preliminary  dara.  In  three  studies, 
patient  motion  during  the  exam  due  to  inadequate  sedation  resulted  in  discontinuation  of  the  study 
or  unreliable  data.  In  one  study,  the  data  was  lost  because  of  malfunction  of  the  storage  optical 
disk.  Five  additional  studies  analyzed  with  three  dimensional  (3D)  proton  magnetic  resonance 
spectroscopic  imaging  (1H-MRSI),  our  newest  technical  modification  are  also  reported.  As  the 
project  is  ongoing,  several  studies  have  yet  to  be  analyzed.  Correlation  of  MRS  with  MR 
perfusion  and  FDG  PET  will  be  included  in  our  final  report  of  October,  1997. 


Table  #1.  Tumors  Analyzed  with  CSI  Technique 


Tumor  Location 

Patient  # 

Total  Studies 

Optic  Pathway 

12 

20 

Brainstem 

6 

13 

Brainstem  tumor  results  utilizing  CSI  technique: 

The  first  group  of  NF1  patients  with  CSI  examination  had  tumor  in  the  brainstem,  often  with 
extension  to  the  cerebellum  (Table  #2).  Our  accrual  goal  of  ten  NF1  patients  with  brainstem 
tumors  was  achieved.  We  summarize  the  preliminary  results  from  the  first  six  patients  in  Table  #  2. 
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For  these  patients,  choline  was  significantly  higher  in  the  tumor  than  control  (p<0.03).  When 
tumor  regions  were  compared  with  control  regions,  creatine  and  NAA  were  both  significantly 
decreased  with  p  values  0.01  and  0.02  respectively.  Ratios  of  Cr/Cho  and  NAA/Cho  were  also 
decreased  significantly  with  p  values  <0.001  for  both  ratios.  While  there  were  insufficient  patient 
numbers  in  the  brainstem  tumor  group  to  detect  a  difference  between  progressive  and  non- 
progressive  disease  across  the  group,  significant  differences  between  tumor  and  control  regions  in 
single  subjects  were  noted. 


Table  #  2 

Brainstem  Tumors  Compared  to  Control  Spectra  Analyzed  by  CSI  Technique 


Metabolite 

choline 

creatine 

NAA 

Cr/Cho 

NAA/Cho 

Tumor 

4.1±1.3 

1.6±1.0 

Control 

1.8±0.6 

5. 3+1.1 

5.2±1.9 

3.1±0.9 

3.0±1.1 

p-value 

0.03 

0.01 

0.02 

0.0004 

0.001 

Optic  pathway  tumor  results  utilizing  CSI  technique: 

Eleven  patients  with  newly  diagnosed  optic  pathway  tumors  and  seven  patients  with  progressive 
optic  pathway  tumors  have  been  accrued  for  a  total  of  eighteen  NF1  patients  with  optic  pathway 
tumors  imaged.  We  report  our  preliminary  data  based  on  metabolites  in  20  studies  in  12  patients 
with  optic  pathway  tumors  (both  newly  diagnosed  and  progressive  optic  pathway  tumor). 

In  NF1  patients  with  chiasmal  tumors,  the  tumor  was  usually  smaller  than  the  size  of  one  voxel. 
The  remaining  space  in  the  voxel  was  occupied  by  CSF  partial  volume  (typically  15-25%),  thus  all 
metabolites  may  appear  to  have  a  lower  intensity.  We  divided  all  metabolite  levels  in  chiasmal 
tumor  by  0.8  to  correct  for  this  effect.  Tumor  in  the  optic  tracts  or  optic  radiations  were  often  large 
enough  to  fill  a  whole  voxel.  Compared  with  the  control  spectra,  the  tumors  had  statistically 
significant  increase  in  choline,  decrease  in  NAA  and  decrease  in  NAA/Cho  ratio  (Table  #  3). 


Table  #3.  OTrr 

Optic  Pathway  Tumors  Compared  to  Control  Spectra  Analyzed  with  CSI  Technique 


(liui  a-auujcci 

Metabolite 

mu  t  aiuauuu/ 

Choline 

Creatine 

NAA 

Cr/Cho 

NAA/Cho 

Tumor 

1 .7+0.6 

EKBEflHH 

2.5±1.3 

2. 1+1.1 

Control 

4.0±1.2 

2.9±0.8 

3.5±1.2 

p-value 

0.05 

0.31(n.s.) 

0.0002 

0.13(n.s.) 

0.0002 

Data  was  based 

on  metabolites  \ 

fom  20  studies  in  12  OPT  patients. 

A  major  objective  of  this  study  was  to  determine  whether  MRS  parameters  were  correlated  with 
tumor  growth  and  progression  across  the  groups.  The  average  values  and  standard  deviations 
were  calculated  for  three  groups:  (1)  new  tumor  diagnosis  at  study  onset;  (2)  progressive  tumor  at 
study  onset;  and,  (3)  tumor  progression  during  the  study  period  (Table  #  4).  The  average  choline 
level  was  the  highest  for  tumors  that  progressed  on  study  and  the  lowest  for  new  tumors  with  no 
progression.  However,  no  significant  differences  in  average  values  of  metabolite  levels  or  ratios 
were  found  between  progressive  tumors  and  non-progressive  tumors  in  mean  values  by  ANOVA 
(p>  0.05)  for  all  variables  most  likely  due  to  the  small  nubers  or  limited  power  of  the  study.  In 
one  patient  with  progressive  disease  during  the  study  period  and  one  patient  with  progression  at 
study  onserhad  metabolite  levels  generally  lower  than  control  brain  tissue.  Both  patients  had 
chiasmal  tumor  with  extension  to  the  optic  radiations.  In  both  cases,  the  optic  radiation  tumor  was 
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measured.  One  patient  with  surgical  resection  for  clinical  progression  had  pathologically  proven 
fibrillary  astrocytoma. 


#  of 
studies 

9 


choline 

creatine 

NAA 

Cr/Cho 

NAA/Cho 

1.5+0. 3 

3.5±2.0 

3.1±1.4 

2. 6+1. 3 

2.4±1.0 

1.8±0.8 

3.7±2.5 

2.6±1.7 

2.3±1.3 

1.8±1.0 

2.0±0.8 

4. 1±1 .7 

4.3±1.4 

2.6±1.4 

2. 1±1 .5 

0.26 

0.89 

0.31 

0.87 

0.60 

Table  #4  „  ,  .  , 

Optic  Pathway  Tumors  Analyzed  with  CSI  Technique  (Inter-subject  Evaluation)  _ 

Metabolites  #  of  #  of  choline  creatine  NAA  Cr/Cho  NAA/C 

patients  studies _ 

New  Tumor  Diagnosis  4 _ 9 _ 1. 5+0.3  3. 5+2.0  3.1±1.4  2. 6+1. 3 _ 2.4±1_.( 

Tumor  Progression  at  4  6  1.8+0. 8  3. 7+2. 5  2. 6+1. 7  2. 3+1. 3  1.8+l.C 

Study  Onset _ 

Tumor  Progression  on  3  4  2. 0+0. 8  4. 1+1 .7  4.3+1 .4  2. 6+1. 4  2.1+1.. 

Study _ 

p-vaiues  I  1  0-26  1 0.89  1 0.31  1 0.87  JOM 

Preliminary  results  utilizing  1H-MRSI  technique: 

As  described  in  our  methodology  section  as  our  research  progressed  we  implemented  1H-MKM  to 
better  characterize  those  NF1  patients  with  multiple  glial  CNS  tumors  located  in  both  optic 
pathways  and  in  the  brainstem,  as  well  as  focal  areas  of  signal  intensity  (FASI)  or  unidentified 
bright  objects  (UBO)  in  multiple  brain  regions. 

Five  children  with  NF1  have  been  studied  with  1H-MRSI  to  date.  All  five  patients  had  tumors  of 
the  visual  pathways  or  brainstem.  The  analysis  of  three  patients  is  demonstrated  in  Table  #5.  In 
addition,  all  five  patients  had  focal  areas  of  signal  intensity  (FASI)  identified  on  MR  imagmg  of  the 
thalamus  and  other  brain  regions  (described  below). 


Patient  # 

choline 

|  creatine 

NAA 

Cr/Cho 

NAA/Cho 

Chiasmal 

506 

73 

116 

135 

1.69 

1.83 

tumor 

307  ! 

49 

137 

209 

2.76 

4.23 

303 

115 

149 

120 

1.29 

1.05 

Control 

506 

1 1 6±63 

238+1 17 

196+106 

2.22±0.72 

0.79±0.58 

regions 

507 

57±23 

165±55 

243±69 

3.12±1.08 

4.80±2.04 

303 

73+22 

144+44 

222+46 

2.1±0.72 

3.3±1.1 

Additional 

tumor 

506 

163±63 

257±180 

165±91 

1.62+0.81 

1.20±1.02 

regions 

303 

108+29 

194+53 

206±38 

0.63±0.18 

0.69±0.27 

*  Metabolite  levels  are  listed  in  arbitrary  units. 


We  havedncluded  an  image  that  utilizes  1H-MRSI  techniques  to  illustrate  the  difficulty  in  clearly 
discerning  tumor  infiltration  and  normal  brain  regions  from  FASI  +  regions  (Fig  1).  The 
significance  of  these  findings  are  being  explored  in  the  final  year  of  study. 
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Fie.  1  Sagittal  image  showing  the  placement  of  the  VOI  with  the  four  HSI  slices.  The  VOI,  tumor 
(circled)  and  the  FASI  (highlighted)  are  demonstrated  (axial  T,  weighted  FLAIR  image/slice  #4)  with 
spectra  displayed  to  the  right.  The  tumor  region  is  marked  with  an  asterisk.  The  shaded  area  highlights 
regions  of  elevated  Cho/NAA  in  the  temporal  lobe.  This  region  was  specifically  selected  because  it  has  been 
read  as  both  “FASI”  and  “tumor”  by  two  neuroradiologists  highlighting  the  heterogeneity  of  this  disease. 

Data  Utilizing  the  1H-MRSI  technical  modifications  in  these  patients  (Table  #6 )  and  m  two 

An  FASI  -  voxel  was  defined  as  no  increased  signal  on  T2  weightedMWin  • 

coil. 

Our  preliminary  results  (Table  #6)  utilizing  1H-MRSI  technical  modifications  include  the 
following^  had  cho  md  Mgller  Cr  compared  to  FASI -  voxels; 

2)  FASI  +  voxels  in  the  thalamus  had  increased  Cho/NAA  rauos  and  mcreased  Cr/NAA 

ratios  when  compared  to  FASI  -  voxels,  T  a  a  tn  pact  .  voxels- 

FASI  +  voxels  in  the  thalamus  had  relatively  normal  NAA  similar  to  FA  ’ 

4)  Even  FASI  -  voxels  in  the  thalamus  had  increased  Cho  which  suggested  a  diffuse 
pathologic  process  in  this  region  in  NF1  patients. 
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Table  #6  ,  .  , 

Comparison  of  metabolite  levels  measured  by  'H-MRSI  in  FASI+and  FASI-  voxels  in  the 
thalamus  of  five  NF1  patients  (values  are  peak  areas  in  arbitrary  units). _ 

NF1  Subjects  I  Subject  age  FASI+  voxels  (average)  ~  FASI- voxels  (average) _ _ 

"Cho  I  Cr  NAA  |  Cho/  Cr /  Cho  Cr  NAA  Cho/  Cr / 

NAA  naa  NAA  NAv 


The  normal  development  of  the  thalamus  as  measured  by  1  H-MRSI  has  not  been  reported.  It  is 
expected  that  healthy  adults  have  lower  Cho  and  higher  NAA  than  healthy  children.  Examples  of 
normal  adult  metabolite  levels  measured  by  1H-MRSI  are  provided  as  preliminary  data  in  table  2b 
for  comparison.  Age-matched  control  studies  to  validate  metabolite  data  acquired  in  NF1  patients 
are  needed. 


Table  #7: 

Metabolite  levels  measured  by  ‘H-MRSI  in  the  thalamus  in  two  adult  control  volunteers 


Preliminary  MR  Perfusion  Results 

Preliminary  experiments  were  conducted  using  the  gadolinium  bolus  technique  for  measuring 
perfusion  in  NF1  children  with  brain  tumors  resulting  in  considerable  expertise  with  this 
technique.  Technical  refinements  in  our  perfusion  imaging  and  flow  visualization  have  improved 
the  quantitative  characterization  of  blood  flow  in  children  over  time. 

We  will  first  describe  our  early  efforts  and  then  detail  our  later  refinements  which  are  included  in 
this  preliminary  report.  All  studies  were  initially  performed  utilizing  the  T1  effect  using  a  T1 
weighted  inversion  recovery  turbo-gradient  echo  sequence  (Schwarzbauer  et  al,  1993).  The 
effectiv&TI  =  850ms,  the  single  slice  thickness  =  5  mm:  and  the  field  of  view  (FOV)  was 
approximately  200-250mm  (depending  on  the  size  of  the  child)  with  a  matrix  size  of  128*  128. 

One  image  was  obtained  every  2.5  seconds.  Unfortunately,  these  early  studies  were  compromised 
somewhat  by  the  requirement,  that  previously  existed  in  our  hospital,  that  pediatric  patients  were 
not,  permitted  to  have  rapid  contrast  injections.  The  gadolinium  ‘bolus’  was  therefore  injected  over 
a  period  of  at  least  20  seconds. 

Twenty-five  NF1  patients  with  brainstem  and  optic  pathway  tumors  have  been  analyzed  to  date. 
Fourteen  patients  have  interpretable  blood  flow  data  that  is  attached  as  an  Appendix.  As  the  study 
is  ongoing, -several  studies  are  still  being  analyzed.  The  blood  flow/blood  volume  in  NF1  related 
brain  tumors  was  assessed  as  the  integral  of  the  area  under  the  curve  (AUC)  in  our  preliminary 
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results.  Since  the  purpose  of  this  study  was  to  correlate  blood  flow/blood  volume  with  glucose 
uptake  in  the  tumors  on  FDG  PET  scans  and  metabolites  on  MRS,  we  will  not  complete  this 
analysis  until  study  closure  in  October,  1997. 

We  specifically  include  in  this  interim  report  the  results  from  three  patients  with  assessment  of 
perfusion  of  the  thalamus  since  this  region  had  produced  statistically  significant  results  with  FDG 
PET  imaging.  We  have  included  examples  of  our  preliminary  data  from  three  different  NF1 . 
subjects.  Figure  2  shows  the  initial  time  course  of  the  signal  in  three  NF1  studies.  We  are 
reluctant  to  derive  any  quantitative  results  from  this  data  because  of  the  long  time  course  over 
which  the  gadolinium  was  injected.  Nonetheless  it  is  clear  that  in  all  patients,  the  signal  changes  in 
the  white  matter  are  about  half  that  of  the  grey  matter.  When  compared  to  both  white  and  grey 
matter  signal,  the  signal  from  the  thalamus  varies  substantially  from  patient  to  patient.  In  figure  2 
image  a,  the  signal  from  the  thalamus  is  similar  to  that  of  the  white  matter,  while  in  image  b,  the 
signal  appears  close  to  that  of  gray  matter.  Finally  in  figure  2  image  c,  the  signal  change  in  the 
thalamus  is  intermediate  between  gray  and  white  matter.  While  it  is  difficult  to  interpret  this 
preliminary  data  in  terms  of  regional  cerebral  blood  flow/blood  volume,  it  is  apparent  that 
evaluation  of  regional  blood  flow  to  the  thalamus  may  be  decreased  in  some  NF1  patients. 

We  have  recently  developed  a  hospital  approved  protocol  for  injecting  the  gadolinium  rapidly  (total 
time  =  3  seconds).  Figure  2  d  shows  the  results  of  measuring  the  blood  flow  in  an  image  slice  that 
includes  the  region  of  the  thalamus  in  a  10  year  old  girl  with  NF1 .  The  patient  was  positioned  in 
Siemens  1.5  Tesla  vision  whole  body  NMR  system  in  a  head  coil.  Sagittal  T1  weighted  images 
were  obtained  for  localization  of  the  plane  of  the  subsequent  study.  60  T2*  weighted  echo-planar 
images  were  taken  in  succession  with  the  following  parameters:  effective  TE=64ms,  1  second 
between  images,  FOV=250mm,  matrix  size  128*128,  slice  thickness  7  mm.  After  10  images  had 
been  taken,  0.1  mm/kg  of  gadolinium  (Magnevist,  Berlex)  was  injected  into  a  brachial  vein  over  a 
period  of  3  seconds.  The  images,  were  transferred  to  a  Sun  Sparc  II  workstation  via  a  local 
hospital  network  and  there  analyzed  using  the  programs  written  in  IDL  (Research  Systems  Inc. 
Colorado).  The  first  five  images  of  the  set  were  ignored  because  this  is  the  period  during  which 
the  system  is  achieving  a  steady  state.  Then  three  regions  of  interest  (white,  grey  and  thalamus) 
were  identified,  and  the  average  signal  for  each  area  calculated  from  each  image.  The  set  of  55 
intensity  values  were  analyzed  as  a  55  second  long  time  study.  The  first  5  points  were  averaged  to 
generate  the  baseline  value  (So),  and  for  each  time  point  (t)  the  change  in  relaxivity  calculated  as 
AR2*  =  ln(So/St)/0.064  where  St  is  the  intensity  of  the  pixel  at  time  t.  Figure  2  d  shows  the  time 
course  of  AR2*.  The  relative  flow  for  each  region  of  interest  was  then  calculated  as  the  sum  of  the 
values  of  AR2*  for  all  55  time  points.  From  this  data  we  measure  that  the  relative  blood  volume 
for  gray,  white  matter  and  the  thalamus  are  1.92,  1.05,  1.28.  The  ratio  of  perfusion  between  gray 
matter  and  white  matter  is  approximately  2: 1  in  general  agreement  with  the  literature  (Wood, 

1987). 
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Estimate  of  Regional  Cerebral  Blood  Flow  (RBV)  in  Three  NF1  Subjects 


_  =  RBV  (grey  matter) 

-  =  RBV  (white  matter) 

.  =  RBV  (thalamus) 


Figure  2c 


Figure  2.d.  Estimate  of  Regional 
Cerebral  Blood  Flow  (RBV)  in  NF1 
Subject  with  Rapid  Gadolinium  Bolus 
(<  3  seconds) 


_ =  RBV  (grey  matter) 

-  =  RBV  (white  matter) 

.  =  RBV  (thalamus) 


Preliminary  PET  Results 

The  NF1  research  team  at  The  Children’s  Hospital  of  Philadelphia  (CHOP)  was  funded  by  the  US. 
Army  Research  and  Development  Command  to  explore  the  role  of  modern 

NF1  patienfs  with  brain  tumors.  Twenty-four  NF1  subjects  have  completed  33t^^Ta^d'eoS;s 
Twenty  four  patients  were  enrolled  and  three  patients  with  newly  diagnosed  optic  pat  hway  tumors 
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who  progressed  were  re-enrolled  oon  the  progressive  neuro-imaging  arm  of  the  trial.  Therefore  a 
total  of  twenty-seven  neuro-imaging  slots  were  filled  including:  10  patients  with  brainstem  tumors, 
10  patients  with  newly  diagnosed  optic  pathway  tumors  and  seven  patients  with  progressive  optic 
pathway  tumors. 

Of  the  10  patients  with  brainstem  tumors  (Army  #  401-410),  only  one  patient  had  progressive 
disease  requiring  a  surgical  resection  for  a  cervico-medullary  fibrillary  astrocytoma,  but 
unfortunately  the  patient’s  family  refused  a  second  FDG  PET  study  at  the  time  of  progression. 
Therefore  there  are  no  consecutive  FDG  PET  scans  of  brainstem  tumor  patients  with  progressive 
disease  Decreased  FDG  uptake  was  noted  both  by  visual  grade  and  by  FDG  counts  in  all  patients 
with  brainstem  tumors  analyzed  to  date  and  was  statistically  significant.  In  fact,  we  have  reported 
decreased  FDG  uptake  in  the  brainstem  of  NF1  patients  with  or  with  out  brainstem  tumors.  In  the 
first  20  FDG  PET  studies  in  14  NF1  patients  analyzed,  the  mean  visual  grade  of  the  brainstem  with 
or  without  brainstem  tumors  =  2.25  [(SD  =  0.55)  p<0.001].  We  found  there  was  good  correlation 
between  FDG  uptake  and  counts  in  the  brainstem  of  NF1  patients  with  or  without  a  brainstem 
tumor. 

Of  1 1  patients  with  newly  diagnosed  optic  pathway  tumors  (Army  #  301  -311),  one  patient  (Army 
#  306)  refused  FDG  PET  study  but  completed  the  other  neuro-imaging  exams.  Of  10  patients  with 
newlv  diagnosed  optic  pathway  tumors,  one  patient  had  disease  of  the  thalamus,  midbrain,  and 
hypothalamus  (Army  #310/  505).  Three  patients  (Army  #  309,3 10  &  3 1 1)  had  progressive 
disease  both  clinically  (visual  or  neurologic  deterioration)  and  radiographically  (increased  tumor 
size  greater  than  10%  on  MRI).  The  first  two  patients  with  progressive  optic  pathway  tumors  had 
very  metabolically  active  tumors  (Army  #  309  &  310).  Both  patients  had  biopsy  proven  fibrillary 
astrocytomas  and  one  of  these  patient  is  in  supportive/hospice  care  (Army  #  310).  The  third  patient 
with  a  progressive  optic  pathway  tumor  had  a  PET  imaging  pattern  consistent  with  a  metabolical  y 
inactive  tumor  (Army  #311).  One  patient  with  a  metabolically  active  tumor  (optic  radiations)  by 
FDG  PET  scanning  had  no  radiographic  (MRI)  tumor  progression  but  developed  seizures  although 
not  a  clear  clinical  progression  (Army  #301).  The  remaining  7  patients  had  optic  pathway  tumors 
seen  as  metabolically  inactive. 

Of  14  patients  with  progressive  optic  pathway  tumors  treated  with  13  cis  retinoic  acid,  alpha 
interferon  2A,  or  oral  etoposide,  seven  patients  participated  on  the  neuro-imaging  arm  (Army  # 
501-507)  Two  of  the  14  patients  treated  for  their  progressive  optic  pathway  tumors  had  disease 
progression  (Army  #  309/504  &  310/505).  The  first  patient  previously  on  the  newly  diagnosed 
optic  pathway  tumor  arm  had  progressive  disease  and  a  metabolically  active  tumor  on  Ff)G  Pb  1 
(Army  #  309/504).  The  second  patients  refused  further  imaging  at  progression  (Army  #3K)/5U0). 
The  remaining  five  patients  had  metabolically  inactive  tumors. 

This  series  attempted  to  give  insight  into  the  utility  and  value  of  FDG  PET  imaging  in  NF1  patients 
with  central  nervous  sytem  tumors.  Optic  pathway  and  brainstem  tumors  may  pose  a  difficult 
problem  from  imaging,  diagnosis,  and  clinical  treatment  because  these  tumors  are  in  general 
histologically  benign  but  can  occassionally  have  an  aggressive  course.  Our  study  did  not  have  a 
long  enough  follow-up,  nor  did  enough  patients  progress  to  generate  patient  outcome  predictions 
based  on  imaging. 

As  a  part  of  this  study,  other  important  PET  imaging  data  has  emerged.  Areas  of  cortical  and 
subcortical  regions  of  hypometabolism  have  been  identified,  most  notably  in  the  thalamus.  We 
find  this  an  interesting  result  because  the  thalamus  as  the  possible  target  area  for  neurocogmtive 
deficits  in  NF1  has  been  suggested  previously  by  other  investigators  (Moore  et  al,  1996,  Kaplan  et 
al  1996)  In  addition,  Kaplan  et  al  noted  decreased  glucose  metabolism  in  the  thalamus  on  FDG 
PET  scans  in  their  series  of  NF1  patients  '(Kaplan  et  al,  1996),  a  confirmation  of  our  work. 
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In  this  preliminary  summary,  we  report  a  consistent  pattern  of  decreased  glucose  uptake  in  the 
thalamus  in  our  NF1  patients,  which  was  based  on  both  qualitative  analysis  (visual  grade)  and 
quantitative  analysis  (ratios  of  FDG  count  to  whole  brain)  (see  methods).  Twenty-four  Nr  1 
patients  had  33  FDG  PET  scans.  To  recapitulate,  all  brain  regions  and  tumors  were  assigned  a 
visual  grade  (VG)  based  on  FDG  uptake  (1  =  absent,  2  =  decreased,  3=  normal,  4  =  moderately 
increased,  5  =  markedly  increased).  FDG  counts  and  visual  grades  were  recorded  and  correlated 
from  multiple  brain  regions,  including:  frontal  (FR),  parietal(PA),  temporal  (TE),  and  occipital 
(OC)  lobes,  visual  cortices  (VC),  caudate  (CD),  globus  pallidus/putamen  (GP)  and  thalamus  (TH) 
(Table  #8).  In  addition,  counts  from  the  thalamus  were  compared  to  counts  of  the  basal  ganglia 
and  hemispheres.  Comparisons  of  these  averaged  counts  between  thalamus  and  basal  ganglia,  and 
between  thalamus  and  hemispheres  were  made  by  means  of  t-tests.  Both  paired  t-tests  mid 
independent  t-tests  for  groups  with  unequal  variances  were  utilized  (Table  #9).  The  thalami,  visual 
cortices  and  temporal  lobes  had  significant  hypometabolism  that  was  reflected  on  consecutive 
studies.  There  was  also  excellent  correlation  between  visual  grades  and  FDG  counts  based  on 
region  of  interest  analysis  normalized  to  whole  brain  activity .  Independent  t-test  for  groups  with 
unequal  variances  demonstrated  both  statistically  significant  differences  between  averaged  counts 
of  the  thalamus  and  those  of  the  basal  ganglia,  and  also  between  counts  from  thalamus  and  counts 
from  hemisphere. 


Table  #8  Mean  Visual  Grade  on  FDG  PET  Studies  (24paients/33  studies  total) 


Region 

Mean  VG 

1st  scan 
(24  studies) 

Mean  VG 

2nd  scan 
(9  studies) 

FR 

2.89 

2.83 

PA 

2.79 

2.70 

TE  1 

2.18 

2.17 

OC 

2.69 

2.56 

VC 

2.16 

2.14 

CD 

2.70 

2.83 

GP  H 

2.96 

2.78 

TH 

1.85 

1.89 

lauiv  TT  i-tvow 

Region 

#  of 
Patients 

Mean  FDG 
counts 

SD 

Uneq.Var 

t-value 

df 

2-Tail  Sig 

R-thalamus 

24 

127538.3800 

57865.650 

24 

12072207.858 

4224154.26 

-13.85 

23.01 

.000 

L-thalamus 

24 

115702.5017 

54238.458 

24 

12284157.671 

4329814.36 

-13.77 

23.01 

.000 

24 

127538.3800 

57865.650 

R-basal  ganglia 

24 

59887.8151 

23080.803 

5.32 

30.14 

.000 

L-thalamus 

24 

115702.5017 

54238.458 

L-basal  ganglia 

24 

51732.9761 

18464.011 

5.47 

28.26 

.000 

The  mean  visual  grade  of  the  thalamus  in  24  subjects  was  1.87.  Both  paired  and  independent  t- 
tests  resulted  in  significant  differences  between  averaged  counts  of  the  thalamus  and  basal  gmiglia, 
and  averaged  counts  between  the  thalamus  and  each  hemisphere  and  whole  brain.  In  figure  3,  the 
glucose  uptake  in  the  thalamus  of  a  normal  subject  (image  a)  is  compared  with  decreased  thalamic 
metabolic  activity  in  two  patients  with  NF1  (images  b  &  c). 
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Normal  glucose  uptake  in  the  thalamus  (arrows)  in  a  control  subject  (image  a)  compared  to 
decreased  glucose  uptake  in  the  thalami  (arrows)  of  two  NF1  subjects  (image  b  &  image  c) 


C.  CONLUSIONS 
MRS 

Our  research  represents  the  largest  pediatric  neuro-imaging  study  in  Neurofibromatosis  Type  1. 
Our  MRS  study  confirms  that  NF1  related  optic  pathway  and  brainstem  tumors  are  similar  in 
metabolite  profile  to  low  grade  astrocytomas  in  non-NFl  patients.  Brainstem  tumor  patients  had 
increased  choline  and  decreased  creatine  similar  to  histologically  benign  low  grade  astrocytomas. 
Optic  pathway  tumors  had  increased  choline  which  is  similar  to  the  metabolite  pattern  seen  in  non- 
NFl  low  grade  astrocytomas.  In  the  optic  pathway  tumors,  creatine  was  not  decreased 
significantly,  as  was  expected,  and  may  reflect  a  biochemical  difference  in  these  tumors  in  NF1 
versus  non-NFl  populations. 

Preliminary  3D  spectroscopic  imaging  demonstrated  increase  in  both  choline  and  creatine  in  the 
thalamus.  These  metabolites  were  specifically  increased  in  thalamic  voxels  that  demonstrated  focal 
areas  of  increased  T2  signal  on  MRI  (FASI),  but  were  also  mildly  elevated  in  “normal  -appearing” 
MRI  regions.  These  preliminary  results  expand  our  previous  findings  of  ubiquitous 
hypometabolism  in  the  thalamus  on  FDG  PET  in  NF1  patients. 

These  preliminary  results  from  CSI  and  1H-MRSI  may  contribute  significantly  to  our 
understanding  of  the  neuropathology  of  NF1  by  characterizing  both  tumors  and  regions  of 
hypometabolism  identified  on  PET  and  FASI  identified  on  MRI.  Implementation  of  1H-MRSI  in 
pediatric  NF1  patients  has  proven  effective  as  a  semi-quantitative  measurement  of  metabolites  with 
signal  intensities  and  metabolite  ratios  and  as  an  application  of  an  innovative  imaging  technique 
never  previously  investigated  in  pediatric  patients  including  those  with  NF.  Correlation  with  FDG 
PET  and  MR  perfusion  will  be  done  at  the  study  conclusion  in  October  1997. 

MR  Perfusion 

We  believe  that  the  modifications  made  over  the  past  three  years  in  our  quantitative  MRI  perfusion 
imaging  techniques  are  now  providing  an  accurate,  fairly  non-invasive  measure  of  blood  flow  to 
tumor  and  other  brain  regions  in  patients  with  NF1.  MR  perfusion  techniques  in  NF1  patients 
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have  provided  high  resolution  quantitative  images  with  ease  and  safety.  At  study  conclusion,  and 
with  the  analysis  of  our  final  data  set  containing  all  studies,  we  anticipate  that  blood  flow  images 
will  complement  indices  of  metabolic  activity  obtained  from  FDG  PET  and  may  correlate  with 
MRS  findings. 

FDG  PET 

Both  brainstem  and  optic  pathway  tumors  were  as  a  group  metabolically  inactive  with  few 
exceptions.  During  the  time  period  of  the  proposal,  we  have  not  had  sufficient  patients  with 
tumors  imaged  at  diagnosis  and  again  during  progression  which  would  allow  us  to  evaluate  the 
role  of  metabolic  imaging  as  a  true  prognostic  factor,  progression  was  no  evidence  of  tumor 
progression  as  determined  by  PET  metabolic  imaging.  While  longer  follow-up  would  be  required 
to  correlate  FDG  PET  images  with  central  nervous  system  tumor  progression,  these  studies  have 
been  productive  in  an  unexpected  fashion.  We  have  learned  much  about  the  functional  map  of 
Neurofibromatosis  Typel,  both  at  the  site  of  known  brain  tumors  and  in  adjacent  areas  as  well  as 
unaffected  brain  regions.  Of  great  interest,  has  been  the  hypometabolism  noted  in  the  thalamus, 
visual  cortices  and  temporal  lobes.  To  our  knowledge,  no  other  central  nervous  system  disorder 
has  demonstrated  such  striking  uniform  imaging  abnormalities  of  the  thalamus.  The  pervasive 
hypometabolism  noted  in  the  thalamus  of  NF1  patients  may  advance  our  understanding  of  this 
neurologic/neurocognitive  deficits  of  this  disorder.  In  addition,  this  research  may  also  have 
important  implications  for  the  role  of  the  thalamus  in  other  childhood  neurologic  diseases. 

III.  RANDOMIZED  PHASE  II  TRIAL  OF  CIS-RETINOIC  ACID, 
INTERFERON  a2A,  AND  ETOPOSIDE  IN  NF-1  PATIENTS 
WITH  PROGRESSIVELY  ENLARGING  OPTIC  PATHWAY  / 
HYPOTHALAMIC  GLIOMAS  OR  PLEXIFORM 
NEUROFIBROMAS. 

A.  Introduction 

Three  agents  were  selected  for  clinical  trial.  Oral  VP- 16,  a  conventional  cytotoxic  which  has  shown 
activity  against  low  grade  gliomas  was  selected  for  the  optic  pathway  tumor  clinical  trial.  This 
stratum  of  out  clinical  trial,  therefore,  involves  the  treatment  of  a  bona  fide  neoplasm.  However, 
we  did  not  include  oral  VP- 1 6  in  the  treatment  randomization  of  progressive  plexiform 
neurofibromas  (i.e.  not  bona  fide  neoplasms)  due  to  the  potential  of  this  and  other  conventional 
chemotherapeutic  agents  to  cause  secondary  tumors. 

Rationale  for  the  use  of  a2a  interferon  (IFN)  comes  from  the  published  studies  by  Dr.  Judah 
Folkman  concerning  the  anti-angiogenic  action  of  a2a  IFN.  In  this  model  all  tumors,  benign  or 
malignant,  need  a  growing  vascular  supply  to  support  tumor  growth.  Any  agent  that  will  interfere 
with  angiogenesis  should  inhibit  or  reverse  tumor  progression.  One  agent  currently  licensed  for 
use  in  the  United  States  which  has  these  properties  is  IFN.  IFN  has  been  used  to  treat  children 
with  life  threatening  hemangiomas  of  infancy  resistant  to  steroids],  IFN  has  demonstrated  activity 
against  meningioma  cell  lines  derived  from  patients  with  NF  2  in-vitro],  and  has  direct  antitumor 
activity  against  hairy  cell  leukemia.  It  may  also  exert  some  effect  on  solid  tumors  apart  from  any 
angiogenic  activity. 

Rationale  for  the  use  of  cis-retinoic  acid  (CRA)  is  based  on  its  potential  as  differentiating  agents  in 
cancer.  All-trans  retinoic  acid  is  effective  in  the  treatment  of  acute  promyelocytic  leukemia.  CRA 
has  demonstrated  activity  in  neuroblastoma,  although  it’s  role  in  the  management  of  this  tumor 
remains  minimal.  CRA  is  the  subject  of  intense  investigation  as  a  chemoprotectant  for  breast 
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cancer  and  has  been  demonstrated  to  reduce  the  incidence  of  tumor  recurrence  in  patients  following 
treatment  for  aerodigestive  tract  cancer  [Lee,  1994  #30],  Published  data  suggests  that  CRA  alters 
the  splicing  pattern  of  the  NF  1  gene  transcript  [Nishi,  1991  #29];  however,  this  observation  has 
not  lien  tested  directly  in  PN  cell  lines  or  in  malignant  tumor  cell  lines  from  patients  with  NF  1. 

B.  Methods 

Patient  Pooulation:  .......  . 

Patients  who  were  older  than  12  months  of  age,  met  NIH  consensus  catena  for  the  diagnosis  of 
NF- 1  and  had  objective  evidence  of  progressive  enlargement  of  a  tumor  of  the  optic  nerve,  optic 
chiasm  optic  radiations,  or  hypothalamus  (Stratum  I),  or  a  disfigunng  or  disabling  plexiform 
neurofibroma  (Stratum  II)  were  eligible  for  treatment.  Patients  with  recurrent  or  progressive 
intracranial  tumors  that  were  previously  treated  with  radiation  therapy  an£or  chemotherapy  are 
eligible.  Specific  exclusions  include  pregnancy,  visual  acuity  less  than  20/200  in  one  or  both  eyes, 
brainstem  glioma,  histology  confirmed  diagnosis  of  malignant  glioma  (i.e.,  anaplastic  astrocytoma, 
glioblastoma,  or  gliosarcoma)  or  other  malignant  histology,  rapid  progressive  symptomatic  spinal 
cord  compression  (PN),  or  other  rapidly  progressive  life-threatening  complications  of  plexiform 
neurofibroma  growth.  Female  patients  who  have  reached  menarche  must  have  a  negative  serum  p- 
HCG  within  48  hours  prior  to  each  therapy  cycle.  Biopsy  confirmation  of  tumor  histology  is  not 
required  for  study  entry.  Children’s  Hospital  of  Philadelphia  Institutional  Review  Board-  and 
U  S.  Army-approved  Informed  Consent  Documents  were  signed  by  patients  and/or  parents  ot 
patients  prior  to  participation  in  these  studies. 

We  modified  the  entry  criteria  for  the  Optic  Pathway  stratum  with  full  approval  from  the  External 
Advisory  Committee  in  9/1/95.  Accordingly,  all  optic  pathway  tumor  patients  must  have 
documentation  of  progression  either  by  MRI  or  by  a  change  in  visual  acuity  of  two  steps  on 
standard  visual  acuity  charts  within  six  months  of  study  entry.  These  modification  effectively 
prevent  study  entry  for  patients  who  had  an  MRI  two  years  ago  and  the  next  MRI  two  months 
before  study  entry.  In  fact,  all  optic  pathway  patients  currently  on  study  meet  these  catena. 

stratum  1  Treatment:  Ontic  Pathway  /  Hypothalamic  Tumor  Phase  II  Trial 

At  the  onset  of  this  study,  eligible  patients  were  randomly  assigned  to  one  of  three  treatment  arms. 

Arm  1  -  cis  retinoic  acid  (CRA;  60  mg/m2  by  mouth  daily  for  21  days  followed  by  7  days  of  no 
drug  treatment  x  12  months);  alpha  2a  Interferon  (1,000,000  with  dose  escalation  in  increments  of 
500)000  units  to  a  maximum  of  4,000,000  IU/m2/day  administered  by  subcutaneous  injection 
daily  for  12  months);  or  etoposide  (VP-16;  50mg/m2,  daily  by  mouth  for  21  days  followed  by  7 
days  with  no  drug  treatment.  Volumetric  MRI  scans  were  performed  every  12  weeks  to  assess 
treatment  response  and  MRS  and  PET  scans  were  performed  at  3  months  and  12  months  after  the 
start  of  treatment.  Because  of  poor  accrual  to  Stratum  1,  we  terminated  randomization  procedures 
in  order  to  complete  the  phase  H  study  of  etoposide.  This  action  was  taken  m  October,  1995  at  the 
advice  of  our  External  Advisory  Committee.  Full  notification  of  the  U.S.  Army  was  made  and 
approval  obtained.  Consent  forms  and  IRB  documents  were  modified  to  reflect  these  changes. 

Stratum  2  Treatment:  Plexiform  Neurofibroma  Phase  II  Trial 

Eligible  patients  referred  for  treatment  of  progressively  disfiguring  or  disabling  plexifonn 
neurofibromas  were  randomly  assigned  to  one  of  two  treatment  arms:  Arm-1, 13-  Cis  Retinoic 
Acid  (CRA);  Arm-2,  Alpha  Interferon  2a  (INF).  Patients  assigned  to  the  CRA  treatment  arm 
received  a  dose  of  60mg/m2,  daily  by  mouth  for  21  days  followed  by  seven  days  of  no  drug 
treatment.  This  28-day  treatment  cycle  is  repeated  for  13  cycles  (1  year).  Patients  assigned  to  the 
Alpha  Interferon  2a  arm  were  treated  with  an  initial  dose  of  1  x  106  IU/m2  administered  daily  by 
subcutaneous  injection  for  one  year.  Objective  evidence  of  response  was  assessed  every  12  weeks 
after  the  start  of  treatment,  based  on  direct  measurement  of  surface  neurofibromas  or  soft-tissue 
MRI  scan  of  deep  neurofibromas.  For  all  patients,  routine  complete  blood  counts  and  blood 
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chemistry  values  were  monitored  on  a  regular  basis,  weekly  during  treatment  with  VP- 16  and 
monthly  for  treatment  with  CRA  and  INF. 

The  plexiform  neurofibroma  (PN)  strata  accrued  patients  at  two  times  the  rate  that  was  originally 
projected.  In  joint  consultation  and  with  the  explicit  approval  of  the  External  Advisory  Committee, 
we  made  three  changes  in  the  plexiform  neurofibroma  study.  We  modified  our  study  objectives  to 
include  an  assessment  of  cessation  of  tumor  growth  as  a  treatment  outcome.  We  also  tightened 
patient  entry  criteria  by  requiring  more  rigorous  objective  evidence  of  tumor  growth  (i.e.,  MRI  or 
recorded  tape  measurements  independently  by  two  different  physicians)  within  no  more  than  six 
months  from  data  of  study  entry.  In  addition,  we  modified  patient  accrual  targets  for  plexiform 
neurofibroma  patient  entry  to  allow  us  to  enroll  a  total  of  56  patients  who  meet  the  more  rigorous 
documentation  criteria  for  tumor  progression  prior  to  study  entry.  This  will  allow  us  to  evaluate 
more  "clinical  observation"  evidence  of  response,  and  generate  hypotheses  regarding  cessation  of 
tumor  progression  as  an  outcome  measure.  These  modifications  do  not  require  a  change  in  the 
consent  form;  however,  we  revised  our  protocol  to  indicate  the  changes,  submitted  the  amended 
protocol  to  the  CHOP  IRB  for  review,  received  approval  from  the  CHOP  IRB  on  September  25, 
1995,  notified  the  U.S.  Army  of  these  changes  in  research  design,  and  provided  an  amended 
protocol  to  all  Consortium  members. 

All  patients  in  this  study  were  required  to  have  objective  evidence  of  plexiform  neurofibroma 
growth  determined  by  radiologic  (e.g.  CT  or  MRI)  or  direct  measurement  (e.g.  physician  tape 
measurements)  criteria.  However,  at  the  onset  of  the  trial,  we  did  not  specify  the  interval  between 
measurements.  If  we  use  tumor  stabilization  as  a  criterion,  we  must  be  certain  that  patients  entering 
study  are  truly  progressing,  i.e.,  have  actively  growing  tumors  at  study  entry.  Toward  that  end, 
we  tightened  entry  criteria  by  specifying  the  objective  measure  of  tumor  progression  at  study  entry: 
that  is,  serial  MRI  demonstrating  tumor  growth  within  but  no  longer  than  the  last  6  months  or  by 
serial  external  tape  measurements  independently  by  two  observers  within  a  six  month  interval. 

C.  Results 

Stratum  I:  Optic  Pathway  /  Hypothalamic  Glioma  Phase  II  Trial. 

Despite  efforts  to  encourage  patient  entry,  only  twelve  patients  have  been  entered  on  Stratum  1.  As 
noted  above  (Methods),  our  original  design  was  a  randomized  phase  II  study  between  IFN,  CRA 
and  etoposide  (VP-16).  When  it  became  apparent  that  acrual  was  insufficient  to  fill  all  three  arms, 
a  decision  was  made  to  enter  all  subsequent  patients  on  the  VP- 16  arm.  Therefore,  8  patients 
received  VP- 16, 2  received  CRA,  and  3  receive  INF. 

Seven  of  the  eight  patients  on  VP- 16  are  evaluable  for  tumor  response  and  one  is  lost  to  follow-up. 
One  patient  had  a  minor  response  to  treatment  (25%  tumor  shrinkage).  Three  patients  progressed 
on  therapy.  Four  patients,  including  the  one  patient  with  a  minor  response,  remain  stable,  for  an 
interval  of  3  months  to  26  months. 

Toxicity  Jrom  drug  therapy  in  optic  pathway  tumor  patients  was  minimal  for  all  three  agents.  The 
major  toxicity  with  CRA  was  chelitis  and  diy  skin,  which  was  treatable  with  emollients.  One 
patient  elected  to  discontinue  treatment  due  to  discomfort.  Toxicity  to  IFN  was  minimal.  Two 
patients  had  elevated  liver  enzymes  (Grade  2)  and  one  had  leukopenia .  One  patient  withdrew  from 
interferon  because  of  the  pain  associated  with  daily  subcutaneous  injection.  The  predominant 
toxicity  of  VP- 16  was  leukopenia  and  thrombocytopenia.  No  patient  developed  leukemia.  A 
detailed  summary  of  Stratum  I  toxicity  is  included  in  the  appendix. 

Stratum  2:  Plexiform  Neurofibroma  Phase  II  Trial. 

Fifty  seveiLpatients  were  enrolled  on  Stratum  2.  Twenty  eight  were  randomized  to  receive  IFN 
and  twenty  nine  received  CRA.  The  clinical  trial  design  of  Stratum  2  was  based  on  the  model  of  a 
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standard  phase  II  oncology  new  agent  trial.  By  the  criteria  defined  in  the  protocol,  no  patients  had 
an  objective  response  of  their  plexiform  neurofibroma  to  treatment  (i.e.,  neurofibroma  shrinkage 
greater  than  50%).  However,  several  observations  suggest  that  both  CRA  and  IFV  had  a 
beneficial  effect.  Of  the  29  patients  treated  with  CRA,  3  had  evidence  of  tumor  shrinkage  by  direct 
measurement  of  the  superficial  component  of  their  tumors.  Of  the  28  patients  on  IFN,  3  had 
evidence  of  tumor  shrinkage  by  direct  measurement,  one  had  resolution  of  bradycardia  secondary 
to  a  vagal  nerve  tumor,  one  had  resolution  of  orthopnea,  and  two  had  relief  of  pain.  Overall,  10  of 
57  patients  (17.5%)  had  evidence  of  clinical  benefit.  An  unexpected  finding  was  the  frequency  of 
tumor  stabilization  in  treated  patients,  particularly  when  considering  that  all  tumors  were 
progressing  at  the  time  of  study  entry.  Of  the  29  patients  treated  on  CRA,  only  3  developed  tumor 
progression,  in  a  median  follow-up  time  of  18  months.  Of  the  28  patients  treated  on  IFN,  only 
one  (1)  has  progressed  with  a  median  follow-up  time  of  18  months. 

Toxicity  was  manageable  with  both  agents.  The  major  toxicity  with  CRA  was  chelitis  and  dry  skin, 
which  was  treatable  with  emollients.  Although  ten  patients  withdrew  from  therapy  due  to 
discomfort,  they  did  so  after  six  months  of  participation  and  can  be  evaluated  for  efficacy. 

Toxicity  to  IFN  was  minimal  with  elevation  in  liver  enzymes  in  2  patients  and  leukopenia  in  one. 
Nine  patients  withdrew  from  interferon  because  of  the  pain  associated  with  daily  subcutaneous 
injection,  also  at  a  median  interval  of  6  months.  A  detailed  summary  of  Stratum  I  toxicity  is 
included  in  the  appendix. 

Prognostic  Factors  and  Progression  Rates  for  Plexiform  Neurofibroma 

Stratum  2  was  not  designed  to  incorporate  a  control  group  which  did  not  receive  treatment  and  the 
rate  of  growth  for  plexiform  neurofibromas  is  not  known.  Therefore,  we  undertook  a 
retrospective  study  of  the  surgical  experience  of  CHOP  to  identify  the  rate  of  neurofibroma  growth 
after  surgery  and  to  identifying  factors  which  would  predict  the  outcome  of  surgery  of  plexiform 
neurofibroma.  This  study  describes  the  only  longitudinal  data  available  for  plexiform 
neurofibroma. 

We  identified  121  patients  who  underwent  surgical  resection  of  168  individual  tumors  at  The 
Children's  Hospital  of  Philadelphia  between  1974-1994.  The  total  number  of  procedures  was  302 
(mean  1.80  per  tumor,  range  1-12).  For  the  purpose  of  data  analysis  the  168  tumors  are  treated  as 
individual  events,  as  there  is  no  data  in  the  literature  to  suggest  consistent  biologic  behavior  of 
multiple  tumors  within  a  single  patient.  Data  was  collected  from  a  number  of  sources.  Data 
regarding  the  demographics  of  the  patients  was  obtained  from  either  the  hospital  chart,  the 
outpatients  records  of  the  surgical  services,  or  the  Neurofibromatosis  clinic  chart.  Data  regarding 
the  indication(s)  for  surgery  and  the  extent  of  surgical  excision  was  gathered  from  the  operative 
note.  When  the  primary  indication  for  surgery  was  cosmetic  and  in  the  case  of  lesions  not  causing 
pain  or  dysfunction,  the  procedures  were  considered  elective.  Other  indications  were  dysfunction, 
pain,  suspicion  of  cancer  in  patients  known  to  have  NF1,  and  diagnostic  biopsy  in  cases  where  the 
diagnosis  of  NF  1  was  uncertain.  Data  regarding  location  of  tumor  was  abstracted  from  the  patient 
chart.  It  can  often  be  difficult  to  distinguish  multiple  tumors  in  a  specific  region  from  a  larger 
infiltrating  tumor.  We  considered  all  procedures  on  a  single  body  region  (such  as  the  mediastinum 
or  a  single  extremity)  as  if  the  tumor  in  the  region  was  a  single  tumor.  For  the  purpose  of  analysis 
of  location  of  tumor  as  a  prognostic  variable,  tumors  were  assigned  to  3  regions,  head/neck/face, 
extremities,  and  trunk  (including  thorax,  mediastinum,  spine,  and  viscera)  (table  2).  For  the 
purpose  of  this  study  gross-total  resection  was  defined  as  complete  removal  of  tumor,  near  total 
resection  was  defined  as  greater  than  90%  tumor  removal,  sub-total  resection  was  defined  as 
greater  than  50%  but  less  than  90%  tumor  removal,  and  biopsy  was  defined  as  less  than  50% 
tumor  removal.  In  all  cases  extent  of  surgical  excision  was  determined  by  the  operating  surgeon  at 
the  time  of  surgery.  Follow-up  data  regarding  duration  of  tumor  control,  and  surgical  morbidity 
was  assessed  from  outpatient  charts  and  by  patient  interviews  in  the  NF  clinic  or  by  telephone. 
Progression  was  defined  as  the  reappearance  of  a  completely  excised  tumor  or  the  regrowth  of  a 
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partially  excised  tumor.  Kaplan-Meier  curves  were  calculated  and  logrank  tests  were  used  to 
compare  differences  between  progression-free  survival  curves  based  on  age,  location,  indication, 
and  extent  of  resection.  Cox  regression  models  were  used  to  explore  predictive  importance  of 
prognostic  factors  for  progression-free  survival.  Primary  data  analysis  was  conducted  by  using 
tumors  as  individual  events,  and  only  data  concerning  the  first  procedure  was  included.  A 
confirmatory  analysis  was  carried  out  using  one  tumor  for  each  patient,  using  the  patient  as  an 
independent  unit  of  analysis  and  thus  not  needing  to  assume  lack  of  consistent  biological  behavior 
of  tumors  within  the  same  patient. 

We  found  that  ninety-four  of  the  168  tumors  (56%)  did  not  progress  after  the  first  surgical 
procedure;  whereas,  74  tumors  progressed  after  surgery.  The  median  duration  of  follow-up  in  this 
study  was  6.8  years  and  ranged  from  2  months  to  24.5  years. 

For  the  purpose  of  identifying  prognostic  factors,  only  data  concerning  the  first  procedure  was 
evaluated.  Fifty  of  83  children  10  years  of  age  or  less  had  tumor  progression  after  the  first 
procedure  (60.2%)  compared  to  24  of  85  children  older  than  10  (31.2%)  (figure  1,  p=0.0004,  log- 
rank).  In  a  Cox  model  with  age  as  a  covariate  (not  grouped)  older  age  was  associated  with  longer 
interval  to  progression  (p<0.0001).  Location  had  prognostic  significance  as  well  with  tumors  in 
the  extremities  doing  better  than  tumors  of  the  head/neck/face  (figure  2,  p=0.0003,  log-rank). 

Extent  of  resection  also  had  prognostic  significance  Of  25  cases  of  complete  tumor  excision,  only 
5  progressed  (20.0%).  Thirty-eight  tumors  had  a  near-total  resection  and  15  (39.5%)  of  these 
tumor  progressed.  By  comparison,  74  tumors  had  a  sub-total  resection  (between  50%  and  90%) 
with  33  (44.6%)  progressing.  Twenty-one  of  3 1(67.7%)  tumors  biopsied  (less  than  50% 
resection)  progressed  following  the  first  procedure.  These  differences  are  statistically  significant 
with  a  p<0.0001  (log-rank).  Furthermore,  for  those  tumors  which  progressed,  the  median  time  to 
progression  was  longer  for  patients  with  more  extensive  resection.  Biopsied  tumors  had  a  median 
time  to  progression  of  less  than  2  years,  compared  to  5  years  for  subtotal  resection,  and  greater 
than  10  years  for  near  total. 

Cox  models  were  fit  in  order  to  identify  possible  prognostic  factors  which  predicted  the  outcome  of 
surgery  of  plexiform  neurofibroma  jointly.  Age,  as  a  continuous  variable,  extent  of  resection,  and 
location  were  prognostic  for  shorter  interval  to  progression,  even  when  the  variables  are 
considered  together.  Age  was  prognostic  even  in  the  presence  of  other  variables  (p=0.007).  In  the 
presence  of  age,  location  in  the  extremities  was  prognostic  for  longer  interval  to  progression  than 
other  locations;  however,  the  difference  between  head/neck/face  and  trunk  was  no  longer 
significant.  In  the  presence  of  age,  gross  total  and  near  total  resection  were  not  different  from  each 
other  in  terms  of  prognosis,  but  both  were  different  from  sub-total  resection  and  from  biopsy , 
which  were  different  from  each  other.  Finally,  in  a  model  including  jointly  age,  extent  of  resection 
(gross-total  and  near-total  together  vs.  sub-total  vs.  biopsy)  and  location  (extremities  vs.  other 
locations),  age  remained  significant  (p=.003)  and  gross-  and  near-total  resection  had  significantly 
better  prognosis  than  sub-total  (p=0.012)  or  biopsied  (p=.001);  and  tumors  in  the  extremities  had 
significantly  better  prognosis  than  all  other  tumors  (p=.05). 

D.  DISCUSSION 

The  conduct  of  our  randomized  study  of  VP- 16,  IFN,  and  CRA  was  adversely  affected  by  three 
factors.  First,  we  based  our  estimates  of  the  number  of  patients  with  progressive  optic  pathway 
tumors  on  published  studies  which  included  clinical  criteria  for  progression  as  an  indication  for 
treatment.  By  contrast,  we  required  neuroimaging  criteria  for  study  entry  and  it  is  now  apparent 
that  this  is  a  significantly  smaller  patient  group.  Second,  during  the  past  four  years  there  has 
developed  a  growing  belief  that  NF-1  patients  with  optic  tumor  have  a  more  indolent  clinical  course 
than  patients  without  NF-1 .  This  has  engendered  a  growing  reluctance  to  these  tumors  in  a 
potentially  agressive  fashion.  Third,  encouraging  results  of  a  clinical  trial  which  used 
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carboplatinum  and  vincristine  to  treat  patients  with  low-grade  gliomas  (including  optic  pathway 
tumors)  was  published  during  the  first  year  of  this  trial.  These  findings  materially  reduced 
enthusiasm  of  referring  physicisans  for  biological  agents  such  as  IFN  and  CRA  which  had  not 
established  a  clinical  role  in  the  treatment  of  glial  neoplasms. 

Our  randomized  study  in  patients  with  NF-1  and  optic  pathway  tumors  does  not  indicate  a  high 
degree  of  clinical  activity  for  oral  VP- 16,  IFN,  or  CRA.  However,  the  small  number  of  patients 
enrolled  in  this  trial-  does  not  permit  an  estimation  of  activity.  Nor  does  it  allow  us  to  conclude  that 
these  agents  are  ineffective  against  optic  pathway  tumors  in  NF-1  patients.  Rather,  we  can 
concluded  that  study  of  these  agents,  either  individually  or  in  combination,  requires  a  clear 
demonstration  of  their  clinical  value  in  non-NF-1  patients  before  the  NF-1  clinical  community  is 
willing  to  proceed  with  a  treatment  study  of  this  tumor. 

By  contrast,  our  study  of  IFN  and  CRA  in  NF-1  patients  with  plexiform  neurofibromas  provide 
potentially  important  insights  into  the  design  and  conduct  of  future  NF-1  clinical  trials.  With 
respect  to  clinical  trial  design,  it  is  clear  to  us  that  standard  phase  E  clinical  trial  designs  used  tor 
the  treatment  of  malignant  solid  tumors  is  not  a  good  model  for  a  trial  of  PN  in  NF  1 .  Unlike  most 
cancers  where  persistance  of  residual  tumor  inevitably  leads  to  tumor  progression  and  patient 
death,  plexiform  neurofibromas  in  NF-1  are  not  necessarily  fatal  and  prolonged  tumor  control  is 
potentially  a  acceptable  outcome.  Many  of  the  patients  on  the  first  study  report  that  treatment  has 
resulted  in  the  longest  period  of  stable  disease,  and  for  some  the  longest  interval  between 
surgeries.  The  definition  of  study  endpoints  is  a  critical  element  in  clinical  trial  design  and,  in  our 
original  study  design,  we  did  not  anticipate  that  there  would  be  a  large  number  of  treated  patients 
who  would  not  have  tumor  progression  during  the  period  of  study. 

Assessment  of  PN  response  to  treatment  is  much  more  complex  than  for  most  solid  tumors  in 
children  or  adults.  It  is  likely  that  PNs  undergo  spontaneous  periods  of  queiscence  followed  by 
rapid  growth.  These  tumors  are  irregular  in  shape  and  it  is  technically  difficult  to  position  the 
patients  on  the  MRI  gantry  in  an  identical  fashion  for  serial  exams.  Subtle  changes  are  difficult  to 
appreciate.  Therefore,  even  minor  responses  (25  -  50%  tumor  shrinkage)  which  have  been 
frequently  reported  as  responses  in  optic  pathway  tumors,  another  slow  growing  neoplasm 
common  in  NF  1,  would  be  difficult  to  assess  in  PNs. 

There  are  insufficient  data  regarding  the  rate  of  progression  of  PN  in  the  untreated  state,  and  little 
information  outside  of  our  retrospective  experience  at  CHOP  regarding  the  prognostic  factors  that 
predict  progression.  In  a  single  arm  phase  E  study,  the  investigator  needs  to  know  what  the 
expected  outcome  would  be  if  the  patient  were  not  to  be  treated.  In  the  case  of  patients  with 
recurrent  cancer,  the  expected  outcome  is  tumor  growth  and  death.  In  patients  with  plexiform 
neurofibroma,  there  are  no  solid  data  for  patterns  of  growth  in  untreated  patients.  The  data  gleaned 
from  the  surgical  experience  at  CHOP  provide  for  some  comparison,  but  patient  selection  for 
surgery  (over  a  20  year  period)  was  likely  to  be  subjective  and  variable,  and  not  necessarily 
comparable  to  patients  who  will  enroll  on  a  treatment  study.  The  only  acceptable  solution  is  a 
design  th&t  includes  an  untreated  control  group.  Based  on  our  experience  in  patients  with  solid 
tumors,  and  our  explicit  discussions  with  physicians  in  our  multi-institutional  consortium,  any 
randomization  of  NF-1  patients  with  progressive  PNs  to  a  non-treatment,  observation  only  arm  of 
a  clinical  trial  will  be  difficult  for  both  patients  and  physicians  to  support.  By  contrast,  there  is 
great  interest  in  the  clinical  community  and  in  NF-1  patients  with  PNs  for  new  treatment  trials. 

Interest  in  our  study  was  high  both  among  physician  and  patients  leading  to  much  more  rapid 
accrual  than  we  originally  projected.  Although  we  proposed  to  enroll  30  patients  in  3  years  on  the 
first  study,  we  did  so  in  10  months.  This  rapid  accrual  was  achieved  despite  having  only  the 
eastern  United  States  well  represented  by  the  study  centers. 

The  clinical  responses  and  the  evidence  of  tumor  stabilization  observed  in  our  randomized  study  of 
CRA  and  IFN  in  NF-1  patients  with  plexiform  neurofibromas  are  important  in  that  they  suggest 
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that  it  may  be  possible  to  halt  growth  of  PNs  with  medical  therapy.  If  so,  this  could  have  a  major 
impact  on  patient  management.  Despite  this,  a  number  of  patients  elected  to  discontinue  therapy 
early.  It  is  clear  to  us  that  the  factors  which  motivate  a  patient  with  life-threatening  cancer  to  persist 
with  treatment  despite  some  discomforts  are  significantly  greater  those  for  non-life-threatening 
plexiform  neurofibromas  and  this  consideration  must  be  accounted  for  in  subsequent  clinical  trials. 

When  faced  with  a  patient  with  a  progressive  plexiform  neurofibroma,  who  is  not  a  suitable 
candidate  for  surgery  because  of  age,  location,  or  the  likelihood  of  radical  resection,  the  treating 
physician  may  elect  use  medical  therapy  to  delay  surgery  until  the  patient  is  older  and  more  likely  to 
benefit  with  long  term  tumor  control.  In  our  study,  the  treatment  toxicity  was  modest,  and  where 
present,  reversible.  However,  when  all  the  prognostic  factors  in  our  retrospective  study  are 
combined,  a  cohort  of  NF-1  patients  becomes  apparent  who  are  unlikely  to  have  long  term  benefit 
following  surgery;  i.e.  children  less  than  ten  year  of  age  who  have  lesions  of  the  head,  neck,  face, 
and  trunk.  Not  surprisingly,  many  will  not  have  a  complete  resection.  For  these  patients  there  is  a 
clear  need  for  medical  therapy. 

Results  from  our  multi-institutional  clinical  trials  in  patients  with  NF-1  suggest  that  13-cis-retinoic 
acid  and  interferon  a-2a  may  alter  the  growth  patterns  of  these  tumors.  In  non-neoplastic  tumors 
there  are  two  potential  benefits  from  medical  therapy.  Obviously  any  medical  therapy  which  can 
cause  regression  would  be  a  tremendous  asset  to  the  patient  with  plexiform  neurofibroma.  Such  a 
therapy  could  render  the  surgically  inoperable  lesion  completely  resectable.  A  more  modest  goal 
would  be  to  find  an  agent  which  is  able  to  arrest  tumor  growth.  This  would  allow  a  delay  in 
therapy  for  the  youngest  patients  until  an  age  at  which  tumor  recurrence  may  be  less  likely.  It  is 
not  yet  known  whether  arresting  growth  until  beyond  age  10  will  change  the  long-term  outcome  of 
surgery  or  whether  there  is  a  biologic  difference  in  tumors  which  present  and  progress  at  younger 
ages.  Further  efforts  in  this  direction  will  be  required  to  compliment  the  surgical  approach. 
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